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LIMITATIONS OF SCIENCE 


INTRODUCTION 


ScieNcE, like everything else that man has created, exists, 
of course, to gratify certain human needs and desires. 
The fact that it has been steadily pursued for so many 
centuries, that it has attracted an ever wider extent 
of attention, and that it is now the dominant intel- 
lectual interest of mankind, shows that it appeals to 
a very powerful and persistent group of appetites. It 
is not difficult to say what these appetites are, at least 
in their main divisions. Science is valued for its practi- 
cal advantages, it is valued because it gratifies disin- 
terested curiosity, and it is valued because it provides 
the contemplative imagination with objects of great 
aesthetic charm. This last consideration is of the least 
importance, so far as the layman is concerned, although 
it is probably the most important consideration of all 
to scientific men. It is quite obvious, on the other hand, 
that the bulk of mankind value science chiefly for the 
practical advantages it brings with it. 

This conclusion is borne out by everything we know 
about the origin of science. Science seems to have 
come into existence merely for its bearings on practical 
life. 

More than two thousand years before the beginning 
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of the Christian era, both the Babylonians and the 
Egyptians were in possession of systematic methods of 
measuring space and time. ‘They had a rudimentary 
geometry and a rudimentary astronomy. This rudi- 
mentary science arose to meet the practical needs of 
an agricultural population. Their geometry, a purely 
empirical thing,! resulted from the measurements made 
necessary by the problems of land surveying. The 
cultivation of crops, dependent on the seasons, made a 
calendar almost a necessity. The day as a unit of 
time was, of course, imposed by nature. The movement 
of the moon conveniently provided another unit, the 
month, which was reckoned from one new moon to the 
next. Twelve of these months were taken to constitute 
a year, and the necessary adjustments were made from 
time to time by putting in extra months. 

This degree of scientific knowledge was the bare 
minimum necessary for the regulation of practical 
affairs. But another of the great motives for scientific 
research, disinterested curiosity, would seem to have 
played some part. The Babylonian priests continued 
to observe the heavens for long after their calendar had 
been established. They kept accurate records of the 
rising and setting of various heavenly bodies until, 
by the sixth century 8.c., they were able to calculate in 
advance the relative positions of the sun and the moon, 
and so predict eclipses. The observations that were 


1 Recent discoveries show that the Babylonians had some grasp 
of theoretical principles. 
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made during the centuries that elapsed before this stage 
of perfection was reached could not have served any 
obvious practical purpose. They must have been under- 
taken out of curiosity, in order to discover what regu- 
larities existed amongst the motions of the heavenly 
bodies. But, once this degree of scientific knowledge 
had been reached, it was turned to practical account. 
Not, it is true, to the practical purposes of agriculture 
and the like, but to the no less practical purpose of 
foretelling the future in human affairs. Astronomy, in 
fact, was made to serve the purposes of astrology. 
Indeed, astrology was regarded as the real justification 
of astronomical researches. 

There is nothing reprehensible in all this. It would 
show a grave lack of the historical sense to sneer at 
these early astronomers as being ‘ superstitious.” It 
must be remembered that the scientific outlook was not 
yet born. Science is not created by the scientific out- 
look ; it is scientific knowledge that creates the outlook. 
In the time of these early Babylonian and Egyptian 
astronomers there was too little scientific knowledge in 
the world to justify them in creating a new outlook to 
accommodate it. They already had a comprehensive 
world-outlook, an outlook based on their experience 
and on their reasoning about it. They fitted the new 
facts into their general outlook, just as we do to-day. 
It was not until many centuries later that scientific facts 
became so abundant and recalcitrant that they obvi- 
ously could not be fitted in to the old outlook. Even 
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as late as the seventeenth century so great a scientific 
man as Kepler used his astronomical knowledge to make 
astrological predictions—a little with his tongue in his 
cheek, perhaps. 

We can see that a rudimentary knowledge of space 
and time measurements was imposed by the necessities 
of everyday practical life. Another science of obvious 
practical importance is the science of medicine. Medi- 
cine, as we should expect, is one of the oldest of the 
sciences. But here the general Babylonian outlook on 
life put them at a marked disadvantage. Their ex- 
perience of life’ had convinced them that the universe 
is governed by powers that are, on the whole, maleficent. 
It seemed to them that pain and disease could well 
be referred to the direct action of the gods. They 
therefore had recourse to sorcery and exorcism as the 
only way of dealing with the problem. Rational medi- 
cine made no progress whatever. Life in Egypt was 
more secure, was less liable to sudden storms and floods, 
and the universe appeared to the Egyptians as a less 
malignant affair. Their mythology shows the divine 
powers as being, for the most part, friendly to man. 
They practised incantation in their treatment of diseases, 
but they also looked for other causes than the direct 
action of the gods. And their practice of embalming 
their dead gave them some knowledge of anatomy. 
Egyptian medicine reached a considerable degree of 
development. 

In none of these discoveries does there seem to have 
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been more than a trace of what is called the scientific 
spirit. The only scientific problems that interested 
these ancient peoples were those that had a direct 
bearing on practical affairs. They seem to have shown 
little, if any, disinterested curiosity in the workings of 
nature. And they based no speculations on their scien- 
tific discoveries. These discoveries were incorporated 
into their religions and philosophical schemes and were 
interpreted in accordance with their religious and 
philosophical principles. 

It is not until we reach the Greeks that we find science 
emerging as an autonomous activity. It is not until 
then, in fact, that we find anything that we can call the 
scientific spirit. Thales of Miletus (c. 580 z.c.), we are 
told, set out to answer the question ‘ Of what, and in 
what way is the world made?” Here we recognize the 
spirit, necessary to science although not peculiar to it, 
of disinterested curiosity. The Greeks appear to have 
been the first people with whom this feeling became a 
passion. They wanted to know—for the sake of know- 
ing. All their predecessors, it seems, like so many of 
their successors, belonged to the type which asks * What 
is the use of it?” It really seems as if the human con- 
sciousness, with the rise of the ancient Greeks, took a 
genuine leap forward. An unexampled freedom of the 
mind was born. This was a necessary condition for 
science to come into the world. 

In another respect, also, the Greeks were unique. 
They seem to have been the first people with a thorough 
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grasp of the nature of mathematical reasoning. The 
land-surveying formulae of the Egyptians gave rise, in 
the hands of the Greeks, to a deductive geometry. This 
was an immensely important step forward. Mathe- 
matical reasoning, the most powerful of man’s intellectual 
instruments, was created. Overwhelmed by the almost 
magical power of this new instrument, the Greeks 
thought that in mathematics they had discovered the 
key to all things. To the Pythagoreans, in particular, 
number was the principle of all things. Hverything, 
whether physical properties or moral qualities, were 
manifestations of number. 

This outlook has played a very large part in the de- 
velopment of science. Leonardo da Vinci’s remark 
that a science is perfect in so far as it is mathematical 
has been very generally accepted by scientific men. If 
a complete mathematical description of the world could 
be given it is felt that science would be complete. But 
is there any a priori reason to suppose that the universe 
must be the kind of thing that can be described mathe- 
matically ? To Newton, at any rate, the attempt to 
describe nature mathematically was an adventure that 
might or might not be successful. And some modern 
men of science have been so astonished by the success 
of the adventure that they have been led to conclude 
that God must be a mathematician. On the other 
hand, there seems some reason to believe that any 
universe containing several objects can be brought 
within some sort of mathematical web, so that the 
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mathematical character of the universe is a fact of no 
particular significance. 

But whatever basis of truth there may be in the 
Pythagorean outlook, it is certain that they greatly 
exaggerated the significance of mathematics. Never- 
theless a modified form of this outlook, after many 
fruitless centuries had elapsed, contributed very power- 
fully towards the origin and development of the modern 
scientific movement. . 

In the meantime the spirit of disinterested curiosity, 
and man’s delight in this new and wonderful mathe- 
matical faculty, withered and died under the cold blight 
of the Roman Empire. The Romans were an essenti- 
ally practical people, and they adopted the What is 
the use of it ? attitude towards all abstract speculation. 
Such science as they had was borrowed from the Greeks, 
and they seem to have valued it solely for its practical 
applications in medicine, agriculture, architecture and 
engineering. As a natural consequence of their obses- 
sion with practical affairs the Romans created nothing 
in science. 

The ensuing centuries in Europe, up to the time of 
the Renaissance, also produced nothing in science. 
But this was not because the mediaevalists were ex- 
clusively absorbed by practical affairs. On the contrary, 
some of the greatest abstract thinkers the world has 
ever produced appeared at this time. But they had an 
outlook on life that made science unnecessary. Science 
could tell them nothing that they wanted to know, and 
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they had no curiosity about the sort of things science 
could tell them. The mediaevalist lived in an orderly 
universe. He knew the principles on which it was con- 
structed, and he knew the meaning and purpose of 
everything in it. He knew the scheme of creation ; 
he knew the end that every created thing was made to 
serve. He derived this information from two sources, 
reason and revelation. The highest discoveries of the 
human reason were embodied in the works of Aristotle ; 
the Scriptures contained divine revelations on matters 
not accessible to reason. By synthesising these two 
kinds of information everything worth knowing could 
be learned. This synthesis was accomplished, magni- 
ficently, by St. Thomas Aquinas. 

The mediaevalist lived in a purposeful universe of 
which he himself was the centre. The reason why 
phenomena existed was to be found in their bearing 
on the eternal destiny of man. Nothing had any mean- 
ing except in so far as it fitted in to this great logical 
scheme. In this atmosphere it is obvious that science 
would appear to be a trivial activity. It could be of 
no real importance, for the reason that it was concerned 
with merely secondary questions. How things happened 
was of no importance compared with the question of 
why they happened. Even Roger Bacon, the one man 
of his time who insisted on the experimental in- 
vestigation of nature, agreed that the importance 
of this investigation was that it would assist in 
elucidating theology. It was only when faith in the all- 
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pervading purposefulness of natural phenomena had faded 
that the scientific method of enquiry became important. 

But although the scholastic outlook discouraged 
scientific enquiry, it furnished an essential element of 
the scientific outlook itself. This was the belief in nature 
as a rational whole. In the mediaevalist’s universe, 
unlike that of the Babylonians and other early peoples, 
nothing was capricious or arbitrary. This belief, that 
‘every detailed occurrence can be correlated with its 
antecedents in a perfectly definite manner, exemplifying 
general principles ° is, as Whitehead says, the necessary 
basis for the whole scientific adventure. ‘* Without 
this belief the incredible labours of scientists would be 
without hope.’ Yet this belief in universal order does 
not impose itself as an outcome of direct experience, as 
the very different conceptions prevalent in earlier times 
is sufficient to show. It may even be that this belief 
will ultimately prove to be unjustified. It may be, as 
Eddington has hinted, that the universe will turn out 
to be finally irrational. This would mean, presumably, 
that science would come to an end. This does not 
mean, of course, that the scientific knowledge so far 
obtained would be abandoned. As a set of working 
rules science would still be valid, for phenomena would 
presumably continue to occur in the same fashion as 
at present. But science would have reached a limit 
beyond which it could not go. 

The development of science up to now, then, has 
assumed that nature is a rational whole, and this belief 
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we owe, as a matter of history, to the great scholastic 
philosophers. Although, therefore, they achieved no- 
thing, or practically nothing, in actual scientific dis- 
covery, they had a great deal to do with the formation 
of the modern scientific outlook. 

That outlook comes to its first clear expression in 
Galileo. During the great intellectual ferment of the 
Renaissance a scientific genius of the first order appeared 
in the person of Leonardo da Vinci, but unfortunately 
he never published his scientific researches. What 
influence he may have had on the succeeding century 
could have been only indirect. And even Copernicus, 
immensely important though his work was, did not so 
completely manifest the scientific spirit as did Galileo. 
Copernicus was led to his assertion that the earth and 
the other planets went round the sun chiefly by con- 
siderations of mathematical harmony. The Copernican 
system was, regarded mathematically, a very much 
neater affair than the Ptolemaic system that it replaced. 
It was, however, open to objections that were at that 
time unanswerable. Also, it was in conflict with the 
general outlook of the time, which still regarded man 
as the centre of the universe. Nevertheless, its aesthetic 
charm, considered as a mathematical theory, was sufh- 
cient to secure it the enthusiastic acceptance of such 
rare spirits as Galileo and Kepler. They felt that so 
beautiful a thing must be true although, as Galileo 
admitted, it seemed to contradict the direct testimony 
of our senses. 
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Even Galileo himself was not the perfect scientific 
man. Perfection was reached only in the person of 
Isaac Newton. Galileo fell a little short of the possible 
by not fully realizing the necessity of confirming mathe- 
matical deductions by experiment. Fortunately, the 
objections of his opponents forced him to make test 
experiments. 

This tendency to rest content with the mathematical 
deduction has always been characteristic of a certain 
type of scientific man, and was particularly noticeable 
at the beginning of the scientific movement. In the 
case of Kepler this tendency was supported by a whole 
philosophy. Kepler believed that the very reason for 
phenomena being as they are, was that they fulfilled 
certain mathematical relations. By discovering these 
mathematical relations we seize upon the purpose that 
guided the Creator. 

But although Kepler’s philosophy led him into in- 
numerable fantastic speculations, he was always stub- 
bornly faithful to the facts. His anguish at finding 
that some wild and beautiful idea was not confirmed by 
observation was, as we know, sometimes very consider- 
able, but he never hesitated to abandon it. He was 
spurred on, indeed, to look for an even more subtle 
and recondite harmony. And he succeeded in finding 
it. His three laws of planetary motion are not only 
of the first importance scientifically, they are also 
beautiful. And this quality of his imagination led him 
also to exceptionally beautiful ideas in the realm of 
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pure mathematics. Kepler, more than any other man, 
conveys to us the breathless excitement that must 
have attended the opening of the great scientific move- 
ment. The poetry of science and its sense of unlimited 
adventure are conveyed by Kepler in the most magnifi- 
cent prose that any scientific man has ever written. 

When we come to Newton the sun is fully up. The 
scientific outlook has, in him, reached full conscious- 
ness. It would be fair to say that science, in the hands 
of Newton, has become a completely autonomous 
activity, for, although Newton had a philosophy and a 
religion, they did not play any part in his science. The 
basis of science, according to Newton, was observation 
and experiment. From this basis mathematical deduc- 
tions could be made. These deductions were then to 
be checked by further experiment. Thus science 
formed an independent and self-enclosed system, borrow- 
ing nothing, as it had done formerly, from metaphysics 
or theology. This outlook was not understood by 
Newton’s contemporaries. It was, as it were, too 
austere for them. But it has become the dominating 
outlook of the scientific world. 


CHAPTER I 


THE EXPANDING UNIVERSE 


§ 1 
In discussing the extent to which science has met our 
curiosity about the universe, we must remember that 
different minds are curious about very different things. 
It is reported that once when Arago, the great French 
astronomer, was expounding the nature of comets at a 
dinner party, Victor Hugo, who had been listening to 
the exposition with a baffled expression, said finally : 
‘But, Monsieur Arago, what is the soul of a comet ?” 
Arago’s own baffled expression at this question revealed 
the essential dissimilarity of the two minds. There are, 
indeed, many minds for whom science 1s of no interest 
whatever. Their curiosity is exclusively concerned with 
questions that science is in no position to answer. We 
have seen that the scholastics were, for the most part, 
in this position; their outlook on the world made 
science seem uninteresting. At the present day it is 
possible to meet people who regard science as trivial, 
as throwing no light on the problems which most con- 
cern mankind. Even such earnest and enquiring thinkers 
as Tolstoi and Dostoevsky could not see that science was 


more than a comparatively insignificant activity. And 
18 
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we may suspect that amongst those who profess to 
value science there are some who value it only for its 
practical applications. Nevertheless, the history of 
science makes it clear that it has, on the whole, been 
prosecuted, not for its practical advantages, but for its 
power of meeting man’s curiosity about the universe. 
The earliest, and also the most important of the sciences, 
from this point of view, is astronomy. 

The early speculators on the structure of the universe 
reached their conclusions on the basis of what they 
thought probable—as we do to-day. But a man’s esti- 
mate of probabilities varies with his experience. The 
idea, for instance, that the earth is a mere speck in the 
immensity of space is not an idea that would naturally 
occur to any one. Judged by the direct testimony of 
the senses, it is by far the largest thing in man’s experi- 
ence. The old observers, who thought that the sun and 
moon were moderate-sized bodies, situated a moderate 
number of miles from the earth, were perfectly justified. 
Modern estimates of these distances would, rightly, 
have appeared to them as incredibly fantastic. And 
it was perfectly sensible to suppose that these bodies 
did what they appear to do, namely, circle round the 
earth. Indeed, these ideas were not reached except by 
a great effort of abstraction. For they assumed that 
the earth remained unsupported in the middle of space. 
More primitive thinkers had assumed, again quite 
naturally, that the earth was supported, and they 
imagined a variety of exceedingly fantastic supports 
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for it such as monstrous tortoises, elephants, and so 
on. The idea of an isolated and immobile earth, with 
the heavenly bodies circulating round it, was a great 
advance. As we have seen, it commended itself to a 
great number of first-class minds. 

It so happened, however, that this theory turned out 
to be not so simple as it seemed. It fits in well enough 
with rough-and-ready observations. <A superficial glance 
at the sky confirms it. But amongst the circulating 
bodies were observed a few—the planets, or wanderers 
—whose motion, when carefully studied night after 
night, was found to be not regular. To fit these into 
the scheme required considerable ingenuity. As instru- 
ments improved, and observation became more precise, 
the ingenuity necessary to account for these irregu- 
larities became ever greater. For centuries astronomers, 
wedded to the principle of circular motion, spread 
ever great complexity throughout the heavens. Now 
complexity is nearly always unaesthetic, and by the 
time Copernicus appeared the heavens, when regarded 
narrowly enough, was an unaesthetic jumble of arbi- 
trary and varying motions. Copernicus had_ the 
aesthetic tastes proper to a mathematician, and this 
state of affairs seemed to him intolerable. It seemed 
to him that nature could not be as complicated and 
ugly as all that, and he began to wonder whether 
some simpler explanation of these puzzling notions 
could not be given. He found that some of the 
ancients had held that the earth moved, and he 
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meditated upon this possibility. He found, when he 
came to work out this idea mathematically, that a 
far more harmonious system of the universe emerged. 
This was sufficient. The fact that the idea was 
opposed to the prevailing philosophy, and also opposed 
to the testimony of the senses, was not sufficient to 
overcome the belief that so beautiful an idea must be 
true. Copernicus published his theory, confident that 
its aesthetic charm was its sufficient justification. As 
he says: ‘ We find, therefore, under this orderly arrange- 
ment, a wonderful symmetry in the universe, and a 
definite relation of harmony in the motion and magni- 
tude of the orbs, of a kind it is not possible to obtain 
in any other way.’ His confidence that mathematicians, 
at any rate, would find his system irresistible, was 
justified. Kepler’s outburst is characteristic. ‘I have 
attested it as true in my deepest soul,’ he says, ‘ and I 
contemplate its beauty with incredible and ravishing 
delight.” Other people, however, were not convinced 
until after Galileo’s invention of the telescope and his 
application of it to the survey of the planets. He 
showed that the inner planets, Venus and Mercury, 
exhibited phases just as was required by the Copernican 
theory, and his telescopic view of Jupiter, with its 
four moons going round it, showed a system analogous 
to the Copernican idea of a sun with circulating planets. 
Men were forced to expand their notions of prob- 
ability to fit this new evidence. It became definitely 
accepted that the earth is not at the centre of the 
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universe. But other, and equally unlikely results, 
followed from this new fact. For if the earth moves in 
some tremendous orbit round the sun, the stars should 
seem to shift against the sky, just as trees, seen from a 
passing train, seem to shift their position against the 
horizon. This effect was looked for, but could not be 
found. Men were reluctant to draw the startling con- 
clusion to which this negative result pointed. For this 
negative result could only be explained by supposing 
that the stars are at simply incredible distances, very 
much farther than any that man had ever imagined. 
And, as has been plausibly suggested, men’s notions 
of probability, at that time, were hampered by farming 
considerations. Such enormous stellar distances pointed 
to an immense waste of space, and it is probable that 
the men of that time, even if unconsciously, judged 
God’s notions of economy as they would judge a farmer’s. 
But by the middle of the nineteenth century the dis- 
tance of a star was actually determined. ‘The finest 
instruments of that time were just sufficient to determine 
the shift of some of the nearer stars. With this discovery 
the ground was cleared for those dazzling researches 
which have led to our present notions of the scale of 
the universe. 


§ 2 


The distances, ages, temperatures, etc., dealt with 
by modern astronomy are quite unimaginable and are, 
in a sense, uninteresting. When man believed that 
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his significance in the universe was in some way depend- 
ent on his physical size, or on the physical size of his 
earth, he would doubtless have been somewhat dis- 
concerted to learn that the universe was ten times 
bigger than he had thought it was. Having accommo- 
dated himself to this new notion he might have received 
another shock, although a fainter one, to find that the 
previous result had erred on the side of moderation, and 
that the size of the universe must be again multiplied 
by ten. But there is a limit to this process. There is 
not much difference, psychologically, between realizing 
that one is a drop in a bucket and realizing that one 
is a drop in an ocean. Astronomy, in its aspect of 
revealing man’s physical insignificance in the universe, 
reached this stage long ago. The latest estimates 
merely turn the bucket into an ocean. 

The farthest bodies that can be observed with our 
present instruments are distant from us by well over 
one hundred million light years. It is to be expected 
that further instrumental power will reveal still more 
distant bodies. Jt might be thought that this process 
could be continued indefinitely that, just as modern 
astronomy reveals a larger universe than that known 
to the Victorians, so the astronomy of the future will 
reveal a larger universe than that known to us. But 
we have reason to believe that there is a natural limit 
to this process, 


1 That is to say, light, which travels 186,000 miles in a second, 
would take over one hundred million years to reach these bodies. 
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The greatest change that has occurred in our way of 
thinking about the universe since the days of Coper- 
nicus is the modern conception of the universe as finite. 
This does not mean merely that there is a finite amount 
of matter in space, but that space itself is finite. The 
instant impulse, that most laymen have, to reject this 
statement as obviously absurd, is really an indication 
that they are unconsciously dominated by certain 
assumptions. These assumptions can be isolated and 
analysed, and shown to be logically arbitrary. The 
analysis is now about a hundred years old. It 
began with the invention of the first non-luclidean 
geometry. 

About one hundred years ago Lobachevsky, a Russian, 
and Bolyai, a Hungarian, found, independently of one 
another, that Euclid’s geometry is not a logical neces- 
sity. This is not to say that Euclid’s geometry is in- 
correct. If we start by accepting [Euclid’s axioms, 
then the whole superstructure Euclid built up on them 
must be accepted also. But the fact is that it is not 
necessary to accept Euclid’s axioms. They are not 
‘necessities of thought.’ Quite different axioms can 
be postulated and a perfectly self-consistent system 
of geometry built up on them. It then becomes a 
matter of experiment to determine which system of 
geometry best fits our experience. 

The invention of the non-Euclidean geometries is 
one of the most remarkable feats in the intellectual 
history of man. For two thousand years Euclid’s 
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axioms had reigned unchallenged. That they were 
‘necessary truths,’ true for angels as well as men, true 
even for God Himself, was admitted by all the philo- 
sophers. Merely to wonder whether these truths 
could be transcended, merely to wonder whether there 
was a world of ideas outside them, was an effort of 
extraordinary imaginative daring. And to translate 
this scepticism into the creation of a new, coherent 
and complete system of geometry, was a wonderful 
and exhilarating achievement of the free human mind. 
In this achievement the human intellect had reached 
a new level of abstraction ; there was a veritable growth 
of consciousness. Of course, so stupendous an achieve- 
ment was not at first understood. Even the mathe- 
maticians of the time thought that Lobachevsky and 
Bolyai were mad. And the great Gauss, who had in 
private reached similar conclusions to theirs, confessed 
that he had been afraid to publish his discovery. But 
gradually the new ideas were assimilated. Gradually 
the human imagination learned to expand to these 
new concepts. A new mathematical era had dawned. 
For our present purpose the most important thing 
about this development was that the science of deductive 
geometry acquired a new status. It became clear that 
we can start with any set of axioms we please, provided 
they are consistent with one another, and on the basis 
of these construct a geometry which is, logically, as 
impeccable as Euclid’s. Some of these geometries are 
very like Euclid’s, and some of them are very queer 
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indeed. Now the question arises, which of these 
geometries are we to apply to actual physical space, 
the space in which the sun and planets and all the 
millions of stars exist? As long as it was assumed 
that the only possible geometry was Euclid’s geometry 
we had, of course, no choice. But now that we know 
that other geometries are possible we can ask the 
question. The question is to be decided by measure- 
ment. Our measuring instruments may be rods and 
clocks, or rays of light and vibrating atoms. What 
geometry best describes their observed behaviour ? It 
is found, when the measurements are made, that a par- 
ticular form of geometry, invented by the German 
geometer Riemann, best meets the facts of the case. 
Einstein was the first to realize this, and he has applied 
this geometry with immense success. Scientific men 
are now convinced that we live in a space which is not 
governed by the laws of Euclid’s geometry, but by the 
laws of Riemann’s geometry. 

This discovery has, from the common-sense point of 
view, some very singular consequences. For instance, 
the total volume of space is finite. This does not mean 
that space has any boundaries. It does not stop short 
anywhere. Nevertheless, it is not unlimited. 

This is a very singular idea, but fortunately we can 
illustrate it by an example drawn from ordinary experi- 
ence. Everybody knows that a volume has three 
dimensions, length, breadth and thickness, whereas a 
surface has only two, length and breadth. Now it is 
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quite possible, for the purposes of argument, to imagine 
creatures who live only in two dimensions. ‘They never 
look up or down; they know nothing of up or down. 
They are conscious only of length and breadth. Now 
if these creatures lived on a flat surface, like the surface 
of a table, they would find that their space (the surface 
of the table) could not be unbounded unless it was also 
infinite. They could only go on in a straight line for 
ever provided the table went on for ever. Unless the 
table was actually infinite in length and breadth they 
would sooner or later reach its edges and find that it 
had boundaries. They could not continue to go on 
without leaving the surface of the table altogether. 
Now consider the surface of a sphere. Here the creatures 
could craw] about indefinitely, sticking to the surface 
of the sphere, crawling in any direction, and however 
long they kept on they would never come to a boundary. 
Yet the total area of their space (the surface of the 
sphere) is finite. ‘Thus we see that, when we confine 
ourselves to two dimensions, at any rate, it is possible 
to have a space which is finite but unbounded. 

Now it is significant that the geometry of a flat 
surface is Euclidean, whereas the geometry of a spherical 
surface is not. According to Euclid the three angles of 
a triangle add up to two right angles. This is true if we 
draw triangles on the surface of a table or on a black- 
board. It is not true if we draw triangles on a sphere 
or on an egg. And many others of Euclid’s theorems are 
wrong if we draw our diagrams on a sphere. If our two- 
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dimensional creatures on the sphere were mathematicians 
they would never dream of inventing Euclid’s geometry. 
The geometry they would invent, the one that best fitted 
the facts of their world, would be one of the non-EFuclidean 
geometries called spherical geometry. It would only be 
when a Lobachevsky appeared amongst them that they 
would think of anything so fantastic as Euclid’s geometry. 

Now it so happens that the Riemannian geometry that 
Einstein adopted is a glorified sort of spherical geometry. 
It shows that a three-dimensional space can have the same 
odd properties as a two-dimensional spherical space, that 
is, it can be finite but unbounded. And mathematicians 
are now convinced that this is the sort of space we live in. 
In this space we could go on in a straight line for ever with- 
out ever meeting any boundary to our further progress. But 
we should find, when we had been going on for sufficiently 
long, that we had come back to our starting point. Space 
is finite but unbounded. 


§ 3 


What is the volume of this space? Recently a very 
curious answer has been given to this question. Space 
has no definite volume, for it is continually expanding ! 

‘We can picture the stars and galaxies,’ says Pro- 
fessor Eddington, ‘as embedded in the surface of a 
rubber balloon which is being steadily inflated ; so that, 
apart from their individual motions and the effects of 
their ordinary gravitational attraction on one another, 
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celestial objects are becoming farther and farther apart 
simply by the inflation. It is probable that the spiral 
nebulae are so distant that they are very little affected 
by mutual gravitation and exhibit the inflation effect 
in its pure form. It has been known for some years 
that they are scattering apart rather rapidly, and we 
accept their measured rate of recession as a determina- 
tion of the rate of expansion of the world.’ 

It is supposed that, some thousands of millions of 
years ago, the matter of the universe was more or less 
in a state of equilibrium. At this period the radius of 
space is estimated to have been something over one 
thousand million light years. But the state of equili- 
brium was unstable. The universe had an inherent 
tendency to expand which was only approximately 
counteracted by the gravitational attraction of the 
matter in the universe. Once the expansion began, 
however slowly, it was bound to go on, for as the matter 
of the universe became more scattered its gravitational 
attraction became less effective. ‘The radius of space 
to-day, Professor Eddington estimates, is not less than 
ten times its original radius. And the actual rate of 
expansion is itself continually increasing. It is probable 
that the radius of space is already increasing faster than 
the velocity of light, and this rate of expansion will 
grow greater. Already it would be impossible for a ray 
of light to go all round the world, for the circumference 
of the world is growing faster than light could overtake 
it. In the original state of equilibrium light travelled 
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round and round the world until it was absorbed. Then 
the universe began to expand, and there came a period 
when the rate of expansion made it impossible for light 
to complete its journey. At this period ‘the bubble 
burst.” It has been suggested that some of the nebulae 
we see in the heavens are seen from the back, by light 
which has travelled all round the universe. If this is 
so, then we are seeing these nebulae by light which started 
on its journey before the rate of expansion of the universe 
reached the critical value—before the bubble burst, in fact. 

This theory was introduced into science by the 
mathematicians, but there is good observational evi- 
dence for it. The vast majority of the nebulae whose 
motions have been measured are moving away from us 
with very great speeds. And these speeds are greater 
the farther the nebulae are from us, which is just what 
we should expect on the mathematical theory. 

The spiral nebulae, whose rate of scattering enables 
us to determine the rate of expansion of the universe, 
are the largest and the most isolated bodies in space. 
Indeed, they are often referred to as ‘ island universes.’ 
It is estimated that, on the average, each of these 
‘island universes’ contains enough matter to make 
many thousands of millions of stars, each the size of the 
sun. And the sun, it must be remembered, is about 
one million times bigger than the earth. About two 
million of these nebulae are visible in the great 100-inch 
telescope at Mount Wilson observatory. There is every 
indication that an increase in telescopic power would 
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reveal more of them—probably in proportion to the in 
crease of telescopic power, as they show no signs of thinning 
out. They are truly ‘island universes,’ for their average 
distance apart is of the order of two million light years. 

Our sun is a member of one of these systems. 

In so gigantic a universe it is not surprising to find 
an immense variety. Inthe different bodies constituting 
the universe the range of size, of density, of temperature, 
is exceedingly great. The light and heat emitted by the 
stars is, in some cases, many thousands of times less than 
that of the sun and, in some cases, many thousands of 
times greater. There are stars of an inconceivable tenuity, 
and there are stars of a density far surpassing all earthly 
standards. There are stars no larger than the earth, and 
there are stars millions oftimes bigger than thesun. And 
this universe, inits present condition, is certainly thousands 
of millions of years old, and it may be that its age must 


be reckoned even in millions of millions of years. 


§ 4 


So far as size goes the universe, it would appear, can 
have no surprises left for us. The figures we have 
given cannot impress us more, even if they come to be 
multiplied by a hundred or a million, for they are already 
unimaginable. The physical insignificance of man and 
his planet is amply demonstrated. It is henceforth im- 
possible to make man’s importance dependent on his 
physical dimensions or position, as the mediaevalists did. 
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The significance we attach to this fact depends on 
our philosophy. There are those who find the mere 
size and age of the material universe irrelevant to the 
question of man’s importance. There are others who 
think that life is an accidental, meaningless, and ex- 
tremely fleeting episode in the history of matter. Even 
if we suppose that there are other intelligences than 
ours, existing on other planets, it is practically certain 
that life and consciousness must be very rare pheno- 
mena. According to the accepted theory, which sup- 
poses that planets are produced by the chance close 
approach of two stars, there may not be more than one 
star in every hundred thousand which possesses a 
planetary system. And it could only be rarely, even 
then, that any of these planets would be fit to support 
life—at least, as we know it. In our own system, for 
instance, there is no good evidence that any planet but 
our own could support life. Mars is a possible excep- 
tion, but, for the majority of the planets of the solar 
system, we can say definitely that life on them is im- 
possible. Even so, however, the number of stars in 
the universe is so enormous that, assuming that life is 
the chance outcome of the combination of certain 
physical conditions, we should have to assume that 
there are some millions of inhabited planets. 

There is reason to suppose, also, that of these in- 
habited planets, ours is one of the youngest. If the 
evolution of intelligence has proceeded everywhere on 
similar lines to our own, we can say that the greater 
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part of the living beings in the universe are immensely 
more developed than we are. It would be impossible, 
even on this evidence, to say definitely that life is not 
the purpose of the universe. For we know, from ordi- 
nary observation, how exceedingly wasteful and _ hap- 
hazard are nature’s means of securing her ends. For 
every seed that comes to life thousands die. There 
is nothing opposed to what we know of nature’s economy 
in supposing that a million stars burn themselves out 
through millions of years in order that a few brief and 
evanescent lives may appear. We cannot apply to 
the universe notions of probability based on human 
behaviour. 

Nevertheless, it would never occur to anybody, sur- 
veying what science has to tell about the past and 
probable future of the universe, to suppose that the 
production of life and consciousness was the purpose 
of the process. But the scientific account of the process 
is not yet completely coherent. One of the least dis- 
putable laws of physical science states that the universe 
is steadily running down. The energy of the universe, 
although it remains constant in amount, is steadily 
assuming a less available form. The stars are con- 
tinually radiating energy, which may become dissipated 
throughout the whole of space, but which never returns 
in its original concentrated form. All the matter in 
the universe must, finally, either dissipate itself as 
energy, or else assume one dead level of temperature. 
All energy interchanges will then be impossible. A 
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final state of equilibrium will have been reached and, 
in this unchanging condition, the condition of ‘ maxi- 
mum disorganization,’ the universe will persist in- 
definitely. This process, it must be remembered, is 
taking place now. Except for the few rare corners 
where more complex organic beings are being built up, 
we live in a wasting universe. And the small local 
building-up processes must finally be overwhelmed by 
the general tendency towards disorganization. 

But the fact that the energy of the universe will be 
more disorganized to-morrow than it is to-day implies, 
of course, the fact that the energy of the universe is 
more highly organized to-day than it will be to-morrow, 
and that it was more highly organized yesterday than 
it is to-day. Following the ‘process backwards we 
find a more and more highly organized universe. This 
backward tracing in time cannot be continued indefin- 
itely. Organization cannot, as it were, mount up and 
up without limit. There is a definite maximum, and 
this definite maximum must have been in existence a 
finite time ago. And it is impossible that this state 
of perfect organization could have been evolved from 
some less perfect state. Nor is it possible that the 
universe could have persisted for eternity in that state 
of perfect organization and then suddenly, a finite 
time ago, have begun to pursue its present path. Thus 
the accepted laws of nature lead us to a definite begin- 
ning of the universe in time. We are to suppose, on 
this reasoning, that, at some particular moment in the 
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past, a perfectly organized universe sprang suddenly 
into being, and has been steadily becoming more and 
more degraded ever since. 

There is nothing logically impossible in this con- 
clusion, but it nevertheless seems to be utterly incredible. 
It is highly probable that we are here faced with a real 
limitation in the scientific scheme. The analysis on 
which these results are based has not, we may suppose, 
been sufficiently discriminating. It may be, for instance, 
that the notion of téme, as it occurs in science, is too 
meagre an abstraction. It may be that it is due to the 
inadequacy of this abstraction that the doctrine of the 
decaying universe leads us back to an actual beginning 
of time. Or it may be that the scientific scheme has 
wholly omitted some esscntial element. This is Pro- 
fessor Whitehead’s view when he says : 


‘The moral to be drawn from the general survey 
of the physical universe with its operations viewed 
in terms of, purely physical laws, and neglected so 
far as they are inexpressible in such terms, is that we 
have omitted some general counter-agency. This 
counter-agency in its operation throughout the 
physical universe is too vast and diffusive for our 
direct observation. We may acquire such power 

as the result of some advance. But at present, as 
we survey the physical cosmos, there is no direct in- 
tuition of the counter-agency to which it owes its 
possibility of existence as a wasting finite organism.’ 


There is some evidence, not very convincing, of a 
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building-up process in the universe. It has been known 
for some years that a highly penetrating radiation is 
reaching the earth from outer space. Observation 
shows that it does not come from the sun, and, as the 
sun is a typical star, there is therefore no reason to 
suppose that it comes from the stars. It probably 
comes from regions quite outside the particular stellar 
universe, the particular spiral nebula, to which we 
belong. Respecting the origin of this radiation there 
are two theories, which we shall discuss in more detail 
when we come to consider the nature of matter. Here 
we shall say briefly that one theory holds that the 
radiation is produced by the building up of matter, 
whereas the other theory holds that it is produced by 
the annihilation of matter. Each of these processes 
is theoretically possible, but the second seems to be 
more likely. 

Surveying the universe presented by modern astro- 
nomy we see that the vast majority of the bodies in it 
seem to exist without any reference to the needs of 
life and consciousness. The vast extent of the universe, 
both in space and in time, is, from the human point of 
view, completely aimless. Those immense lumps of 
matter, in their millions of millions, incessantly pouring 
out an inconceivably furious energy for millions of 
millions of years, seem to be completely pointless. For 
a fleeting moment man has been permitted to stare at 
this gigantic and meaningless display. Long before the 
process comes to an end man will have vanished from 
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the scene, and the rest of the performance will take 
place in the unthinkable night of the absence of all 
consciousness. ‘This revelation is startling. It is still 
more startling, almost incredible, when we reflect that 
this amazing panorama sprang suddenly into existence 
a finite time ago. It emerged full-armed, as it were, 
out of nothing, apparently for the sole purpose of 
blazing its way to an eternal death. This is the scientific 
account. It seems to be true as far as it goes, but we 
cannot believe that it is the whole truth. We prefer 
to believe that the present scientific method has its 


limitations. 


CHAPTER II 


THE MYSTERY OF MATTER 


§ 1 


A very considerable knowledge of the properties of 
matter was obtained in prehistoric times. The dis- 
covery and use of fire introduced man to a whole range 
of new phenomena. We know, for example, that cook- 
ing, the fermenting of grape-juice, the smelting of 
metals, and the making of stone-ware, were prehistoric 
achievements. In ancient Egypt the arts and crafts 
had reached a considerable level of development. The 
Egyptians made pigments and cosmetics from metallic 
compounds, they were skilful in dyeing, they could 
temper iron, and they could make glass and enamel. 
To accomplish all this they must have had a very con- 
siderable practical knowledge of both physics and 
chemistry. But here, again, it appears that the 
Greeks were the first people to speculate about the 
theoretical implications of their knowledge. Thales 
observed that there is a cycle in nature, a cycle of 
air, earth and water through the bodies of plants 
and animals to air, earth and water again. He also 
observed that the food of plants and animals is 
moist, and was led to conclude that all things are 
C 
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composed of water in various stages of condensation 
or rarefaction. 

The most obvious thing about the world of matter 
is its immense variety. If we look abroad on a landscape, 
containing water, clouds, trees, soil, rocks, grass, flowers, 
our own bodies and our clothing, we may well wonder 
how to classify so great a range of material. ‘The Greeks 
seem to have been impressed chiefly by the densities and 
forms of the various kinds of matter. Thus they classi- 
fied matter into four elements which, given in order of 
decreasing density, are earth, water, air, fire, for they 
regarded fire as a rarer and more refined form of air. 

Since the essential difference between these elements 
was regarded as one of density, it was natural to take 
one of them as primordial and to derive the others from 
it either by a process of condensation or by one of rare- 
faction. ‘Thales, as we have said, chose water as the 
fundamental element. Anaximenes chose air. Hera- 
clitus chose fire, but a very refined sort of fire, an ethereal 
fire, a kind of soul-stuff. It was also possible, of course, 
to maintain that all four elements existed in their own 
right, as it were. ‘The Sicilian philosopher Empedocles 
worked out the theory that all existing varieties of 
matter are formed by combinations of the four elements 
in different proportions, these proportions combining 
under the influence of two contrasting divine powers, 
one of attraction and one of repulsion. In human 
beings these contrasting powers manifest as love and 
hate. 
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A specious demonstration of the theory that complex 
substances consist of the four elements is given by 
burning green wood. Burning, according to the Greeks, 
resolves a substance into its component elements. 
Now when a piece of green wood is burned we see fire, 
we see smoke that passes into air, we see water bubbling 
from the ends, and we are finally left with an ash that 
is obviously earthy in character. This demonstration 
owes its plausibility, of course, to the fact that it rests 
on totally incorrect ideas of the nature of combustion. 
But correct ideas on this subject were not obtained 
for very many centuries. The scientific movement 
was in a state of vigorous maturity before this problem 
was solved. 

A more important scientific product of Greek thought 
was the Democritean theory of atoms. What happens 
when a piece of matter is continually divided and sub- 
divided ? Does it preserve all its qualities intact ? 
Thus, is a very tiny piece of green leaf itself green ? 
Is a very tiny piece of sugar sweet? A certain school 
of Greek thought maintained that the qualities or 
properties of matter were ultimate things about it. 
However far the process of division might be carried 
earth would remain earth and water water. Thus the 
attempt to reduce matter to simpler elements was, in 
effect, declared impossible on this view. Democritos 
was of the contrary opinion. ‘ According to convention 
there is a sweet and a bitter,’ he says, ‘a hot and a 
cold, and according to convention there is colour. In 
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truth there are atoms and a void.’ All atoms, he 
taught, are of the same substance, although they are 
of various sizes and shapes. The differences of the 
different kinds of matter are reduced to the differences 
of size, shape and motion of the atoms that compose 
them. 

This theory, in principle, is not unlike the modern 
theory, although there are very important points of 
dissimilarity. The theory was not fruitful scientifically 
since it was not given a quantitative form, and could 
not be used to explain phenomena in detail nor for 
prediction. But it was entirely in harmony with modern 
scientific thought in making the ‘ real” world of matter 
something entirely different from the vivid coloured 
world perceived by the senses. The conception of the 
real world as a vast machine, colourless, odourless, 
soundless, had been introduced into human thought. 

We see again the difficulty of hitting on a satisfactory 
classification of material substances when we come to 
the alchemists, the precursors of modern chemistry. 
The early alchemists attached immense importance to 
colour. They believed that any metal that could be 
made to look like gold, for instance, was thereby trans- 
formed into gold. For them all is gold that glitters. 
This belief was part of a general outlook. On the basis 
of the Platonic philosophy it was generally accepted 
that the ‘ reality’ of anything was to be found in the 
ideals that it embodied. The mere stuff of matter was 
regarded as unimportant compared with its qualities, 
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just as a man is to be valued by the nature of the soul 
that informs him and not by the mere stuff of his body. 
Just as the heavenly bodies, in astrology, are embodi- 
ments or representatives of certain spiritual qualities, 
so the metals, to the alchemists, embodied these qualities. 
Indeed, the connection between the heavenly bodies 
and the metals was clearly defined. Thus gold is the 
earthly image or representative of the sun. Silver 
represents the white moon. Venus is represented by 
copper, Mercury by quicksilver, Mars by iron, Jupiter 
by tin, and Saturn by lead. In this universe, also, 
everything is endeavouring to attain a higher state. So 
that in trying to transmute other metals into gold the 
alchemists were merely helping on a natural tendency. 

In supposing that substances were constituted by 
their qualities, and that by changing their qualities 
the substances could be changed, the alchemists were 
pursuing a perfectly reasonable idea. It is strange, 
however, that they attached so much importance to 
the quality of colour. The famous Arabian physician 
and philosopher, Avicenna, was almost alone in main- 
taining that the difference between metals was more 
deep-seated than their colour, and that by the mere 
changing of colour one could not bring about the trans- 
mutation of metals. The belief in the primary import- 
ance of colour persisted, however. The famous al- 
chemical doctrine of the three principles, sulphur, 
mercury and salt, seems to be connected with this 
belief. It was found that mercury and sulphur combine 
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to give a brilliant red sulphide, and it was felt that this 
colour testified to the existence of something even more 
noble than the white of silver or the yellow of gold. 
These substances, sulphur and mercury, became, as it 
were, generalized, and were elevated into principles. 
Thus sulphur became the principle of fire. It was the 
principle of sulphur that enabled a body to be com- 
bustible, and it was sulphur that disappeared on burning. 
Mercury, which slips so easily from between the fingers, 
embodied the principle of liquidity. It was the mer- 
cury contained in a burning body that caused part of 
it to distil over in the liquid form. Salt represented 
the earthy or solid principle, and was the residue left 
over when a substance was burned. This outlook per- 
sisted until the middle of the seventeenth century. 


§ 2 


It was Robert Boyle who first showed that a radically 
different classification of material substances was 
necessary. In the year 1661 appeared his book entitled 
The Sceptical Chymist : or Chymico-Physical Doubts and 
Paradoxes, touching the Experiments whereby Vulgar 
Spagirists are wont to Endeavour to Evince their Salt, 
Sulphur and Mercury to be the True Principles of Things. 
In this work he showed, amongst other things, that heat 
does not always resolve a substance into its elements. 
Different degrees of heat produce different effects, and 
sometimes we are left, at the end of the process, with 
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what is obviously a complex substance. He found, 
also, that gold, after being dissolved in aqua regis, could 
be recovered in its original form, a fact which suggested 
that there were atoms of gold which persisted unchanged 
through the transformation. He suggested, therefore, 
that there are distinct and persistent substances out of 
which other substances are composed, and thus expressed 
the cardinal chemical distinction of elements and 
compounds. 

This new classification of material substances was a 
very great step in advance. ‘The next step was to deter- 
mine which substances were elements and which com- 
pounds, a task which took many years. Success was 
considerably delayed by the old and persistent puzzle 
regarding the nature of combustion. When a substance 
burns, it seems that something escapes and, as we have 
seen, the alchemists called this something sulphur. It 
was renamed phlogiston about the beginning of the 
eighteenth century, and this phlogiston was endowed 
with the very remarkable property of possessing negative 
weight. When added to a body it made the body 
lighter. ‘This was necessary, because Boyle and others 
had shown that when a metal was burnt the resulting 
solid was heavier than the original metal. Therefore, 
since the absence of phlogiston made the metal heavier, 
phlogiston must have weighed less than nothing. 

That air was a material substance, possessing weight, 
had been shown by Boyle. But it was not known that 
air was a complex substance, a mixture of gases. In- 
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deed, the only gas recognized to exist was air. Never- 
theless, a number of experiments had obtained other 
gases, but these gases were all regarded as air in a 
peculiar condition. Thus Joseph Black of Edinburgh 
discovered, about 1755, carbon dioxide. He named this 
gas ‘fixed air. Joseph Priestley actually discovered 
oxygen, and showed its power in supporting combustion 
and its necessity for the respiration of animals. But he 
did not in the least realize what he had done, and called 
this substance ‘ dephlogisticated air.’ Priestley was 
perhaps a rather stupid man, but it is amazing that 
Henry Cavendish, that extremely acute mind, was also 
content to accept the phlogiston theory. He disproved 
the notion that water is an element by analysing it into 
its constituents, oxygen and hydrogen, but he called 
these two gases phlogiston and dephlogisticated air. 
The notion of phlogiston was, indeed, one of the most 
misleading notions that has ever been introduced into 
science. 

The true theory of combustion was finally reached by 
the great primary scientific method of weighing and 
measuring. Lavoisier, the great French chemist, who 
gives one the impression of being a professional con- 
trasted with amateurs, attacked the problem by this 
method, and with triumphant success. He heated a 
known quantity of mercury enclosed in a vessel con- 
taining a known quantity of air. A red rust formed on 
the mercury and the quantity of air diminished. The 
red rust, on being strongly heated, split up into metallic 
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mercury and a gas. The gas so liberated was found 
equal in quantity to the shrinkage of the air in the first 
experiment. Hence nothing had been lost. Lavoisier 
found that the air left in the first experiment, after the 
shrinkage had taken place, was incapable of supporting 
life or combustion. The air released from the mercury 
rust, on the other hand, supported both to an extra- 
ordinary degree. Lavoisier comments: ‘Reflection on 
the conditions of this experiment shows that the mer- 
cury on calcining absorbs the salubrious and respirable 
portion of the atmosphere, and that the portion of the 
air which remains behind is a noxious kind of gas incap- 
able of supporting combustion and respiration. Hence 
atmospheric air is composed of two elastic fluids of 
different and so to speak opposite nature.” This experi- 
ment was the death-blow of the phlogiston theory. 
With the phlogiston theory out of the way, syste- 
matic advance in the classification of matter became 
possible. It became recognized, for instance, that one 
and the same substance can be susceptible of three 
states, solid, liquid and gaseous, and this fact, in its 
turn, led to the recrudescence of the atomic theory. 
That theory, that all matter consists of little indivisible 
particles, was very old, as we have seen. It had been 
known to the Greeks, and it had been regarded favour- 
ably by the great founders of the modern scientific 
movement, Galileo, Newton, Boyle. But now, through 
the labours of a Manchester schoolmaster, John Dalton, 
it acquired a fruitful, that is to say, a quantitative, 
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form. Dalton distinguished clearly between elementary 
and compound substances. Compound substances are 
built up out of two or more elementary substances. 
Dalton knew twenty elementary substances; we now 
know ninety-two. Dalton established the atomic theory 
on a quantitative basis by pointing out that the atoms 
of different substances have different weights, and that 
elements always unite in the same proportions to produce 
the same compound. 

With the atomic theory as its chief weapon, the 
analysis of matter, so far as it could be conducted by 
chemical means, was launched on its modern career. 
But the further development of chemistry has contri- 
buted nothing of the first importance for our under- 
standing of the main lines on which the material 
universe is constructed. ‘The immense and intricate 
labours of the chemists have revealed to us, in detail, 
the structure of an almost unbelievable variety of 
substances, and the practical importance of this know 
ledge, both for peace and war, is, as we know, very 
great indeed. But the region covered by chemistry, 
although complex, is circumscribed. It is only when it 
merges into physics that we reach really great new 
generalizations. 

The great contribution of chemistry to our general 
scientific outlook is its demonstration of the theory that 
matter is composed of atoms. The atom of the chemists 
was envisaged as a little hard solid particle, probably 
spherical in form. This analysis of matter into atoms 
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was considered to be ultimate, although it was certainly 
felt as vaguely disturbing that there should be ninety- 
two different kinds of atoms. It was even surmised that 
atoms had not, perhaps, the simple structure they were 
supposed to have, for certain groups of elements were 
found to have marked affinities with certain other 
groups, suggesting that their atoms were constructed 
on very much the same plan. It had been suggested, 
before the technique of atom-weighing was well de- 
veloped, that all atoms were built up out of hydrogen 
atoms (hydrogen being the lightest element), and that 
therefore all matter was really one substance, namely, 
hydrogen. But more accurate measurements showed 
that the atomic weights would not fit in with this hypo- 
thesis, and therefore chemists had to accept the exist- 
ence of ninety-two kinds of matter as being another 
instance of nature’s inexplicable diversity. 


§ 3 


The modern era may be said to have begun about the 
year 1895. Between that year and the year 1900 those 
researches were begun which have changed our whole 
conception of matter and which have, further, changed 
our whole idea of the meaning and purpose of physical 
science. So great a revolution in scientific thought has 
not occurred since Copernicus showed that the earth 
went round the sun. 

The first step was the experimental demonstration 
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that there exist little electrified bodies very much 
smaller than a hydrogen atom. These little bodies 
were produced by passing an electric current through 
a glass tube almost entirely exhausted of air. It became 
evident that a stream of something passed in straight 
lines from the electric plate at one end of the tube to 
the electric plate at the other end of the tube. The 
nature of this stream was carefully disentangled by 
experiment, and it was found that a considerable portion 
of it consisted of little electrified bodies nearly two 
thousand times smaller than the known size of a hydro- 
gen atom. There does not, at first sight, appear to 
be anything very revolutionary about this discovery. 
Atoms were already unimaginably minute, and to be 
told that still smaller particles exist comes as no par- 
ticular shock, although it is a little surprising, perhaps, 
to find that they are electrified. But a closer investi- 
gation of these little particles, or electrons, as they 
were called, led to a really revolutionary change in 
our ideas about matter. 

It had been known, by mathematical reasoning, that 
a body charged with electricity behaved as if it had 
acquired a greater mass than it possessed before being 
charged. It became a matter of interest, therefore, 
to determine how much of the mass of an electron was 
due to its electric charge. The measurement was made, 
with the truly astounding result that the whole mass 
of the electron was found to be due to its electric charge. 
The electron was not a piece of ‘ ordinary matter’ at 
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all; it was nothing but an electric charge. Now this 
result is not only interesting and astonishing; it also 
has a quite peculiar kind of importance. For it was the 
first indication to come from modern science that the 
material universe is not the substantial, objective thing 
we had always taken it to be. Matter began to thin 
away into the completely spectral thing it has now 
become. The new discovery could not, of course, be 
immediately assimilated. To talk of an electric charge 
existing apart from ‘ ordinary matter’ seemed to many 
minds as incomprehensible as talking about motion 
without anything that moves. Indeed, the discovery 
could not be understood until our notions of matter 
became more aqstract. The notion of substance had 
to be replaced by the notion of behaviour. 

The notion of substance is a very difficult notion to 
define. A piece of matter may possess the properties 
of being hard, cold, coloured, and so on, but what 
is the something, the substance, that possesses these 
qualities ? When we have abstracted from the qualities 
a piece of matter possesses, what have we left? This 
notion of substance, when we think of it, seems to be 
associated in some way with our sense of muscular 
effort. The only scientific, measurable quality of 
matter that seems to be akin to this is the quality 
of inertia. 

Inertia is that quality of matter, our school-books 
tell us, in virtue of which a piece of matter will not 
move from a position of rest until a force acts on it. 
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It is the quality which makes anything ‘ substantial ° 
or ‘ concrete.” Light, for instance, used to be regarded 
as something quite immaterial and unsubstantial. But 
now that we know that light exerts pressure on any 
object on which it falls we are willing to dower it with 
some degree of substantiality. Our difficulty, then, 
in admitting that electrons, ‘ disembodied charges of 
electricity,’ can play the role of matter is appreciably 
diminished when we learn that electrons manifest the 
property of inertia. In this respect they behave like 
matter. In other respects, also, electrons behave like 
bits of matter. An electron has, for instance, locality. 
For all practical purposes an electron exists in a definite 
region of space. We say ‘for all practical purposes ” 
since, theoretically, the influence of an electron extends 
throughout space. But beyond a certain very small 
distance this influence is imperceptible. An electron 
can also be tracked through time and space, that is to 
say, it is capable of motion, and motion in a definite 
path. This statement requires some modification, as 
we shall see later, but it is sufficiently true at the present 
stage of our argument. ‘These characteristics, taken 
together, enable the electron to play the role of what 
we have called a material particle in a sufficiently con- 
vincing manner. 

So far as we have gone, then, no intolerable strain is 
made on our pictorial imagination. At this stage we 
can, without being utterly wrong, picture an electron 
as a little round object. The next step is to form a 
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picture of matter as constituted of electrons. We have 
to picture the various kinds of atoms as built up out 
of electrons. In the first place, it is evident that 
electrons alone are not sufficient to compose an atom. 
All electrons consist of charges of the same kind of 
electricity—the so-called ‘ negative’ electricity. But 
atoms are not normally electrified ; they are electrically 
neutral. It is evident, then, that each atom must 
contain a charge of ‘ positive’ electricity sufficient to 
counterbalance the negative electricity of the electrons 
it contains. 

It took some little time to obtain a satisfactory model 
of how these charges are distributed in an atom. It 
was suggested, for instance, that the positive charge 
formed a kind of sphere in which the electrons were 
embedded. Certain experiments by Rutherford, how- 
ever, showed that this idea would not do. It became 
clear that the positive charge, instead of being diffused 
throughout the body of an atom, must be regarded as 
very highly concentrated, and situated in the middle of 
the atom. The electrons were then pictured as circu- 
lating round this central nucleus. ‘This picture is the 
celebrated ‘miniature solar system’ picture of the 
atom. On this theory, which is still, in essentials, the 
accepted theory, an atom is nearly all empty space. 
The diameter of an electron is about one fifty-thousandth 
part of the diameter of the whole atom—that is, of 
the diameter of the orbit in which the outermost electron 
is revolving. The diameter of the nucleus is about 
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the same as that of an electron. If all the atoms of a 
man’s body were so condensed as to leave no unfilled 
space, the man’s body would become a barely visible 
speck. According to this theory so-called ‘ solid’ 
matter is an extremely tenuous thing. 

The experimental evidence for this theory is extremely 
good, and one of the most striking illustrations of it is 
provided by radium. The radium atom is a very heavy 
atom, and the heavier an atom the more complicated 
is its structure. In a heavy atom there are several 
circulating electrons, and also the nucleus itself is a 
complex affair. The simplest and lightest atom of all, 
the hydrogen atom, consists of a simple positive charge 
in the middle with one electron revolving round it. 
This simple positive charge is called a proton. It 
carries an electric charge of the same magnitude as the 
electron, but of the opposite kind. It is, however, very 
much heavier than an electron. Indeed, practically 
the whole weight of an atom is due to the protons 
it contains. In all atoms except hydrogen the nucleus 
consists of a combination of protons and electrons, 
with the protons preponderating. In the heaviest 
atoms this structure is so complex that it seems to be 
unstable. The nuclei of these atoms are spontaneously 
disintegrating. 

This process is particularly violent in the case of 
radium. Nothing that we can do, no variations of 
temperature or pressure, have the slightest effect on the 
rate of disintegration. ‘The radium atom, in breaking 
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down, shoots out three kinds of rays, which are usually 
distinguished by the three letters of the Greek alpha- 
bet, a, 8, y. The a-rays consist of a stream of particles, 
each particle consisting of a combination of four protons 
and two electrons. An a-particle is, indeed, identical 
with the nucleus of a helium atom, the atom which 
comes next to hydrogen in the scale of complication 
and weight. The f-particles are simply electrons. The 
y-rays are not particles at all, but a sort of very short 
X-rays. All these rays proceed from the highly com- 
plicated nucleus of the radium atom, and in this pheno- 
menon we have a very good confirmation of our general 
theory of atomic structure. But at present we are 
quite ignorant of the reasons for this spontaneous 
break-up. 

In this general survey there is no need to go into the 
experimental verification of the theory in more detail. 
We may take it that the theory is, in its general lines, 
fully confirmed. But we must say something about the 
source of energy, contained in the atom, that this theory 
reveals to us. ‘The heat given out by an ounce of radium 
in an hour is sufficient to raise one and a half times its 
own weight of water to boiling point. This amount of 
energy is comparatively insignificant, for only a small 
proportion in any collection of radium atoms are dis- 
integrating at any one moment. By building up the 
nucleus of a light element, such as helium, out of protons 
and electrons, we would have a more intense form of 
energy. By building up an ounce of helium, for example, 
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we would have enough energy to run a one hundred 
horse-power engine continually for eight years. But 
incomparably the most intense source of energy would 
be obtained by annihilating matter. If we could make 
a proton and an electron coalesce, they would both 
vanish in an intense flash of radiation. The energy that 
could be obtained in this way is almost inconceivable. 
The annihilation of a thimbleful of mud, for example, 
would provide sufficient energy to drive a large ship 
across the Atlantic. 

There is some evidence that this process is actually 
taking place—not on earth, but in the stars. The stars 
are continually radiating enormous quantities of energy, 
and it is a celebrated problem in astronomy to deter- 
mine where this energy comes from. A very important 
element in the problem is the age we are to attribute 
to the stars. Modern estimates give the average age 
of the stars as some millions of millions of years, and 
this age, if we accept it, at once rules out certain sug- 
gested sources of energy. ‘They could not provide the 
observed radiation for a sufficient length of time. The 
most plausible supposition appears to be that the 
matter of the stars is being annihilated. On this theory 
the sun, for example, is losing three hundred and sixty 
thousand million tons of matter every day, but its mass 
is so enormous that it can go on doing this for another 
fifteen million million years. 

This theory, as we have said, is the one that best 
fits in with an estimated age for the universe of some 
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millions of millions of years. The new theory of the 
expanding universe, however, throws considerable doubt 
on this particular time-scale. It becomes very unlikely 
that the universe is as old as that. It is much more 
probable that the age of the universe is to be reckoned 
in thousands of millions of years instead of millions of 
millions. It then becomes possible to suppose that the 
energy of the stars comes from the building up of matter 
rather than from its annihilation. The building up of 
hydrogen atoms into helium atoms would provide 
enough energy to account for the observed radiation 
on the revised time-scale. If the sun were originally 
pure hydrogen its transformation into helium would 
provide energy at the present rate for a period of one 
hundred thousand million years. 

Is the matter of the universe being annihilated or is 
it being built up, or are both processes going on? It 
is not yet possible to give definite answers to these 
questions, and there is considerable diversity of scientific 
opinion regarding them. About thirty years ago an 
exceedingly penetrating kind of radiation was dis- 
covered traversing the atmosphere. This radiation 
does not come from the earth, for balloon expeditions 
showed that it is more penetrating at great heights than 
at sea-level. Also, it does not come from the sun, for 
it is not more abundant at day-time than at night- 
time. The sun is quite an average, typical star, and 
therefore, as the radiation does not come from the 
sun, there is no reason to suppose that it comes from 
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the stars. It must come from outer space. What is 
its origin ? 

This ‘ cosmic radiation,’ as it is called, cannot be 
released by any of the natural processes known on 
earth. The most penetrating radiation produced by 
known means are X-rays and the y-rays from radium. 
X-rays will penetrate a few millimetres of lead. y-rays 
will pass through some inches of lead. The cosmic 
rays will pass through sixteen feet of lead. If we 
assume that these rays are analogous in constitution to 
X-rays and y-rays their wave-length can be calculated 
from their penetrating power. It can then be shown 
that waves of this kind would be produced by the 
annihilation of hydrogen atoms or, more generally, by 
the coalescence of a proton and an electron, a process 
that might occur in other atoms than those of hydrogen. 
Thus these rays would point to the annihilation of 
matter taking place in remote regions of space. On 
the other hand it has been pointed out, particularly by 
Millikan, that the building up of certain very complex 
atoms would produce rays of this kind. It may be 
that they testify to a process of ‘ creation’ going on in 
the universe. 

This theory, however, appears to be less probable 
than the annihilation theory, for it is difficult to imagine 
how these ccmplex atoms could be built up at one blow, 
as it were, and any gradual building up would not 
account for the observed radiation. At present the 
question cannot be decisively settled. It may be, also, 
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that the cosmic rays are not waves analogous to X-rays, 
but particles analogous to f-particles. In this latter 
case their speed must be very nearly equal to that of 
light to account for their observed penetrating power. 
But this alternative, it is generally accepted, is less 
probable than the former. 


§ 4 


So far we have envisaged the electron as being, in all 
essentials, a little particle. This conception of the 
electron was very fairly successful up to the year 1925. 
Since then it has been found that the electron also 
possesses another group of properties—the properties 
peculiar to waves. The electron behaves both as a 
particle and as a group of waves. Certain experiments 
have been designed in which the electron unmistak- 
ably manifests itself as a particle. In other experi- 
ments it just as indisputably manifests itself as a group 
of waves. We can combine these properties in a word 





Eddington has suggested the word ‘ wavicle ’—but 
we cannot combine them in a physical picture of the 
electron. The electron, it seems, is now definitely 
outside the possibilities of the pictorial imagination. 

Nevertheless we can reason about it and say what 
ought to happen in certain circumstances. For in 
order to reason about it we only require to know its 
mathematical specification. We replace the picturable 
electron by a collection of symbols. We do not know 
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what these symbols stand for in actual physical reality, 
but we do know the laws they must obey. We can 
therefore say what will occur to anything of which these 
symbols are representative. Twice two is four, whether 
we are talking about cabbages or kings. The mathe- 
matician, therefore, is not distressed by the fact that 
he cannot picture the electron as a physical entity. 
Provided that he can construct a coherent mathematical 
web about it, he knows all about it that he needs to 
know. But not all men, not even all scientific men, 
are mathematicians, and this new stage that physical 
science has reached has taken it distressingly far from 
ordinary comprehension. 

Yet something of the sort was to be expected. 
Why should we suppose that the fundamental pro- 
cesses of nature should resemble processes made familiar 
to us by ordinary experience? This assumption was 
very characteristic of the British physicists of the 
nineteenth, century. Lord Kelvin declared that he 
could understand nothing of which he could not make 
a working model. So far, then, as nature does not 
behave in a way that a nineteenth-century engineer 
could reproduce in his workshop, Kelvin admits that 
he could not understand it.. This singularly arbitrary 
criterion was not imposed by the Continental physicists. 
They were content with a much more abstract use of 
the word ‘understanding.’ And it is what we may 
call the Continental type of mind that is now the most 
successful in developing physical science. At the 
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present stage of physical enquiry the man who cannot 
think except in terms of pictures is at a marked dis- 
advantage. 

The present state of affairs is perhaps even more 
disastrous for the writer who wishes to present modern 
scientific ideas to the layman. For when the layman 
asks for an explanation he is saying, nine times out 
of ten, Show me a picture. And when the expositor 
is dealing with something which is both a group of 
waves and a particle he is in a quandary. If the men 
of science are not to become a remote and detached 
priesthood, scientific ideas must either once more 
become condensable into familiar images, or else the 
layman must develop a novel passion for abstract 
logical relations. We have already had an instance, 
in the theory of the finite but expanding universe, of 
how irrelevant, even positively hampering, the pictorial 
imagination is to these modern intellectual construc- 
tions. When the mathematician says that space is 
finite and expanding he is saying that spatial relations, 
measured distances, more conveniently fit into a certain 
mathematical scheme than into any other. And the 
logical development of this mathematical scheme leads 
to the conclusion that space is finite and that it is 
expanding. 

Nothing is gained by trying to picture this space. 
The attempt to do so leads to such questions as ‘ If 
space is expanding, what is it expanding into?’ This 
question presupposes a picture, and is therefore irrele- 
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vant to the mathematician. The objection conveyed 
by this question, if translated into terms to which 
the mathematical mind is susceptible, would run: 
* Your theory of a finite but expanding space is logically 
self-contradictory.’ The mathematician would cer- 
tainly pay attention to this objection, and be greatly 
interested in the argument that professed to establish it. 

Seeing that our understanding of nature has now 
reached a stage when we cannot picture what we are 
talking about, it need be no shock to us to learn that 
the laws obeyed by the electron are as queer as its 
constitution. But when the scientific man talks about 
the extraordinary character of physical laws, what 
precisely does he mean? What sort of laws are we to 
regard as ordinary, and in what way do the laws of 
modern physics differ from these? ‘The discussion of 
this question will occupy us in the next section. 


CHAPTER III 


THE WEB OF REASON 


§ 1 


Amoncst the phenomena first investigated by man, in 
his endeavour to find the laws governing natural happen- 
ings, were the phenomena of motion. The Greeks, at 
one time or another, held different views on this matter, 
but the views that became most popular were all 
incorrect. They were generalizations based on the most 
obvious experiences. They held, for instance, that a 
body only moves as long as there is a force to keep it 
moving. This is borne out by obvious experience. 
Thus if we start a stone rolling along a road it will 
sooner or later come to rest, unless we keep on rolling 
it. It will go farther on a sheet of ice, but even there 
it will ultimately come to rest. The Greek view, on the 
evidence, may be called the common-sense view. 

The first man to publish correct ideas on motion 
seems to have been Galileo, although even he did not 
attain the perfectly clear grasp of the subject that we 
find in Newton. But Galileo knew that the natural 
tendency of a moving body is to persist in its motion 
in a straight line and at a uniform speed. To the 


Greeks different bodies had different natural motions, 
57 
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Thus the natural tendency of flame was to fly upward, 
seeking its natural place in the heavens. The natural 
tendency of heavy bodies was to sink downwards. The 
heavenly bodies naturally moved in circles, for the 
Greeks were greatly impressed by the aesthetic properties 
of the circle, and regarded it as the most perfect of all 
figures, and thus peculiarly appropriate to heavenly 
bodies. 

It was the more difficult for the early thinkers to 
disentangle the idea that the natural motion of a body 
is motion at a uniform speed in a straight line, as such 
motion is never observed on earth or, indeed, anywhere 
else in the universe. As we have already said, even a 
stone sent skimming across a sheet of ice gets slower 
and slower and comes to rest. Here the hampering 
agent is friction. Even a falling stone does not furnish 
an illustration of natural motion, for it does not fall 
at a uniform speed. Again, a stone thrown slant-wise 
into the air does not move in a straight line. It describes 
a parabola and falls to the earth again. In these cases 
the hampering agent is gravitation. The ‘ natural 
motion ” of a body, free from the influence of all forces, 
is something of which we have no experience. For, if 
all other forces be removed, gravitation remains ; it is 
omnipresent throughout the universe. Why, then, did 
scientific men choose, as the foundation for their reason- 
ing about motion, a law that can never be verified by 
observation ? 

They chose the law because it was the most con- 
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venient possible law to choose. It introduced an 
unrivalled simplicity and economy into the complicated 
phenomena of motion. For it must be remembered that 
what scientific men mean by truth is, in the last resort, 
convenience. Scientific men are pragmatists in practice, 
whatever they may think they are in theory. 

The first law of motion is an example of this. It 
describes an unobservable state of affairs, but all 
observable states of affairs can be accounted for much 
more simply if we assume it. It represents what scien- 
tific men call a ‘limiting case,’ something we never 
reach, but which we can approach closer and closer. 
If we make our sheet of ice smoother, for example, our 
skimming stone will move more nearly in accordance 
with the first law of motion than it did before. We 
notice, in the heavens, that bodies more nearly obey 
the first law of motion the farther they are from the 
gravitating influence of other bodies. ‘The first law 
describes what would happen if there were no disturbing 
forces, and the fact that what it describes never does 
happen is explained by the fact that there always are 
disturbing forces. This procedure is perfectly logical, 
although Einstein, as we shall see later, has suggested 
a different one. 

The phenomena of motion, although pretty generally 
regarded, both in ancient and in modern times, as a 
rather dull subject, is nevertheless of immense import- 
ance for the understanding of nature, and it is astonish- 
ing that correct ideas on it should have been so late in 
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coming to birth. Perhaps it was boredom with the 
subject, a feeling that it was trivial, that prevented men 
from giving it closer attention. However, it is certainly 
surprising to find that, even in the seventeenth century, 
men believed that heavy stones fall faster than lighter 
ones, and that the difference in speed is proportional 
to their weights. 

Galileo demonstrated the falsity of this view by his 
celebrated experiment of dropping different-sized round 
shot from the top of the leaning tower of Pisa. This is 
surely one of the simplest experiments recorded in the 
history of science, and it is difficult not to believe that 
it must have occurred to millions of men before him. 
But apparently it did not, and one can only suppose 
that men were too uninterested in the problem of falling 
bodies even to pick two differently sized stones from the 
ground. But Galileo’s further experiments on falling 
bodies were a great deal less obvious. He knew, like 
everybody else, that a stone, in its fall towards the 
ground, falls faster and faster. But he claims to have 
been the first man to ask himself at what rate the speed 
increased. This problem, he tells us, had never occurred 
to any other philosopher, although many of them had 
written enormous treatises on the subject. Galileo, by 
simple but ingenious experiments, found out the law of 
increase. Bv these and other experiments he was the 
first to put the study of motion on a really scientific 
basis. And Newton, born the same year that Galileo 
died, showed that in this study lay the key to the material 
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universe. Thus the study which, so far as we can see, 
must have seemed to the majority of human beings the 
most boring of all pursuits, turns out to be the initiation 
of a new epoch in human thought. But before we 
describe Newton’s establishment of the reign of law 
we must say something about Kepler’s researches on 
the motions of the heavenly bodies. 

Kepler had one of the most wildly luxuriant imagina- 
tions that any man of science has ever possessed. He 
was extraordinarily fertile in hypotheses, and many of 
them, from our modern point of view, were extremely 
absurd. But he had the great saving grace of being 
docile in face of the facts. However attractive a theory 
appeared to him, he always put it to the test of obser- 
vation and calculation. Thus when he had made what 
we now regard as the entirely puerile discovery that the 
‘five regular solids’ could be inserted between the 
orbits of the six planets known to him, he says : 


‘ The intense pleasure I have received from this dis- 
covery can never be told in words. I regretted no more 
the time wasted ; I tired of no labour; I shunned no 
toil of reckoning, days and nights spent in calculation, 
until I could see whether my hypothesis would agree 
with the orbits of Copernicus or whether my joy was 
to vanish into air.’ 


Kepler did, indeed, attach just as much importance 
to the discoveries we no longer value as to those we 
regard as an integral part of science. The research we 
have just mentioned, for example, was undertaken to 
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find out why God had made exactly six planets. Kepler 


was a remarkable case of the man who possesses immense 
scientific abilities without possessing the scientific out- 
look. But this was not, perhaps, so very remarkable at 
his time, for the scientific outlook was not yet fully 
conscious. It first became fully conscious in the person 
of Isaac Newton. 

The laws with which Kepler’s name is for ever associ- 
ated are the three laws of planetary motion. Copernicus, 
although he had broken away from the centuries-old 
Ptolemaic system, and declared that it was the earth, 
and not the sun, that moved, was still impressed by the 
principle of circular motion. He taught that the earth 
and the other planets describe circles round the sun. 
Kepler was also inclined to accept this principle, but his 
admiration for the aesthetic charms of the circle could 
not prevail against his fidelity to the facts. He made 
eighteen successive attempts to fit his observations (or 
rather ‘Tycho Brahe’s, that queer observational genius 
from whom Kepler derived them) to circular orbits, and 
only then did he throw the principle of circular motion 
overboard, and declare that the planets moved in 
ellipses. 

Nevertheless, although Kepler had parted with the 
principle of circular motion, he felt that he had pre- 
served its essence when he went on to discover his second 
law. The great point of circular motion was that it 
gave a dignified uniformity to the motion of the planets 
—a uniformity that was felt to be appropriate to heavenly 
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bodies. Kepler found that this uniformity was still, in a 
way, preserved. For although a planet, by moving in 
an ellipse, changes its distance from the sun, and also 
changes its speed, there is an aspect of the motion that 
remains constant. If we imagine a straight line drawn 
from the sun to the planet, then, as the planet moves, 
this line will sweep out an area. Kepler discovered that 
this line sweeps out equal areas in equal times. As the 
planet, in describing its elliptical orbit, approaches 
closer to the sun, its speed increases, and in such a way 
that the decreased length of the line from the sun is 
compensated for by the greater speed, so that the area 
it passes over grows at a perfectly uniform rate. Kepler 
saw in this law some sort of substitute for the simple 
nobility of the principle of circular motion. However 
that may be, it is a testimony to his scientific instinct 
that he isolated just the element which is uniform and 
constant in this complicated motion. 

Kepler’s first two laws are true for each planet indi- 
vidually. It is true of each planet that it moves in an 
ellipse, and that its radius vector sweeps out equal 
areas in equal times. Kepler’s third law finds a relation 
between all the various planets. The planets are situ- 
ated at different distances from the sun, and the time 
they take to describe their orbits varies. The outer 
planets, those farthest from the sun, have not only 
farther to go, but they move more slowly. Kepler found 
a law showing how these relative times are connected 
with these relative distances. With Kepler’s three laws 
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we have, for the first time, a complete description of the 
planetary motions. 

But these laws are purely descriptive laws. They are 
just statements of fact, like saying that gold is yellow. 
Kepler gives no reason why these laws should be as they 
are. The observation and recording of laws is the first 
step in scientific procedure. Science begins by hunting 
for uniformities amongst natural phenomena. The 
scientific man finds, for instance, that light is propa- 
gated in straight lines, that unsupported stones fall to 
the ground, that heat passes from a hotter body to a 
cooler one. In this way he introduces a sort of order 
into whole groups of happenings. And this sort of 
knowledge is often quite sufficient for practical purposes. 
Indeed, in many cases of great practical importance 
science has not yet advanced beyond this knowledge. 

But the aim of science is to proceed to the next step, 
the construction of theories. Just as a law unifies a 
group of phenomena, so a theory unifies a group of laws. 
A theory is, as it were, a central principle, from which 
the various laws belonging to it can be deduced. The 
outstanding example of this is provided by the most 
celebrated of all scientific theories, Newton’s theory of 
gravitation. 

Newton knew many isolated laws. He knew Kepler’s 
three laws of planetary motion, he knew the rate at 
which a falling body increases its speed, he knew that 
the path of a projectile is a parabola, and so on. He 
saw that if we suppose that every piece of matter in 
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the universe attracts every other piece of matter we 
can show that all these diverse phenomena are neces- 
sary consequences of this attraction. The strength of 
the attraction depends, of course, on the masses of 
the bodies involved, and also on their distance apart. 
Newton gave the precise formula according to which 
the attraction varies. From his formula he deduced, 
amongst other things, Kepler’s three laws of planetary 
motion. He showed that they were not disconnected ; 
they all flowed from this one general principle. Com- 
plete order and harmony were established throughout 
the solar system by Newton’s theory and, as later 
astronomers were to show, throughout the heavens. 

It was the first demonstration, on a grand _ scale, 
of the mathematical machine aspect of nature’s pro- 
cesses, and inspired scientific men to extend this reign 
of law to cover all natural phenomena. The attempt 
has been extremely successful, but certain important 
elements in the general outlook on which it was based 
have, in our own day, been abandoned. But before 
we can understand this modern revolution we must 
look a little more closely at the nature of Newton’s 
achievement. 


§ 2 
Science, in its attempt to understand the world, has 
inevitably had to proceed by fashioning its images 
and concepts out of ordinary experience. A striking 
example of this kind of anthropomorphism is the con- 
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cept of force. When Newton says that two bodies 
attract one another, what does he mean? Are we to 
picture the two bodies as pulling at one another ? 
If so, we must imagine the pull being somehow con- 
veyed across the intervening space. Otherwise, if we 
have one body influencing another without being in 
any sort of physical contact with it, then we are either 
in the realm of magic or in the realm of psychology. 
We know that two people who ‘ attract’ one another 
may ‘ will * to come together, but we can hardly imagine 
such a relation existing between the sun and the 
planets. 

But although Newton regarded ‘ direct action at a 
distance’ as so great an absurdity that, as he says, no 
man with a competent faculty for thinking could pos- 
sibly fall into it, yet his theory assumes it. Newton’s 
formula for gravitation takes no account of time. The 
influence, whatever it may be, is supposed to act instan- 
taneously. But Newton was not dogmatic about this. 
He speculated as to whether there was not some subtle 
medium which conveyed the influence. He said that 
his formula merely described the way in which bodies 
behaved ; it did not profess to say anything about 
the causes of that behaviour. Indeed, he did not 
think that science could say anything about ultimate 
causes, for ultimately, Newton thought, everything 
happens by the will of God. 

But the mathematicians after Newton, particularly 
the Continental mathematicians, erected direct action 
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at a distance into a fundamental principle. They 
dowered matter with a variety of attractions, electric, 
magnetic, gravitational, and a few repulsions. All 
these acted instantaneously at a distance. The result 
was that the intervening space, in which we now know 
that very important physical processes are going on, 
was utterly ignored. This was, of course, quite natural 
on the assumption that these effects are propagated 
instantaneously. Nevertheless, the mathematicians 
imagined that the whole of space was filled with a vast 
jelly-like substance called the ether. But the sole 
function of the ether was to account for the propaga- 
tion of light which, it was known, travels at a finite 
velocity. 

The nature of light is still one of the fundamental 
puzzles of science. The only period in scientific history 
when men of science thought they knew all about it 
was during the first half of the nineteenth century, 
when the ether theory was being worked out. Since 
then the nature of light has become what it was before, 
a mystery. There have always, of course, been theories 
about the nature of light, but in early times, as in our 
own, they do not seem to have been held with any 
great degree of confidence. Certain of the Greeks held 
the singular idea that the visibility of objects is created 
by the eye. Thus Epicurus thought that sight is 
caused by the projection of pictures from the eye. 
Plato modified this theory by supposing that there 
is a meeting of rays, some of which emanate from the 
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eye and some from the visible object. And long after 
this queer theory had been abandoned it was still 
thought that light was propagated instantaneously. 
This is, indeed, a very natural assumption to make. 
The idea that light is something that moves with a 
definite velocity is, when one comes to think of it, a 
very queer idea. That we should see when we open our 
eyes seems the most natural thing in the world. It 
seems strange to apply to light, this circumambient 
something, the notions of distance and velocity. The 
notion that light moves must have been one of those 
amazing and unexpected leaps of the imagination in 
which the chief charm of science will always reside. 
The first man to put forth this idea and to furnish 
proofs for it, was Rémer, a Danish astronomer. In the 
year 1675 he was watching the movements of the first 
satellite of the planet Jupiter. As the satellite passed 
round the back of the planet it was, of course, eclipsed. 
Rémer measured the time between the satellite’s dis- 
appearance and re-emergence. But he found, as he 
continued his observations, that this time varied. 
Jupiter and the earth, in their revolutions round the 
sun, are sometimes approaching one another and some- 
times receding from one another. Rémer noticed that 
the variations in the satellite’s period are connected 
with this fact. The brilliant idea occurred to him that 
these variations could be explained if we suppose that 
light takes time to traverse the distance from Jupiter 
to the earth, For in one case the earth is advancing 
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to meet the light, and in the other case it is retreating 
from it. With the instruments at his disposal Rémer 
could not make very accurate observations, and the value 
he deduced for the velocity of light is too high. We 
now know, by refined terrestrial experiments, that light 
moves with the velocity of 186,000 miles per second. 

The fact that light takes time to travel makes the 
question of its propagation acute. Newton favoured 
the idea that it consists of little particles shot out from 
the visible object, but this theory, as he expounded it, 
was by no means a straightforward theory. It was, in 
certain respects, singularly like the modern theory, 
which asserts that light is a queer blend of waves and 
particles. 

Newton’s influence served to discredit the wave theory 
during his time, but by the beginning of the nineteenth 
century it was flourishing in full vigour. The wave 
theory of light, which is really the ether theory, is one 
of the most amazing instances in science of a theory 
which is developed with enthusiasm by extremely gifted 
men, which goes on from success to success until it 
secures the universal assent of the scientific world, and 
yet which turns out to be wrong. An even more start- 
ling instance is provided by Newton’s theory of gravi- 
tation, which was regarded for over two hundred years 
as ‘the most perfect, and perfectly established, of 
scientific laws. Its accuracy and perfection became 
proverbial ; it was the ideal by which all other scientific 
theories were judged. And great mathematicians have 
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been unanimous that Newton’s discovery and develop- 
ment of it was the supreme achievement of human 
genius. Yet to-day we account for gravitation in 
entirely different terms. Our whole outlook on this 
question is radically different from the Newtonian out- 
look. It is not only that the Newtonian theory leads to 
results which are incorrect in detail; the whole method 
of thought on which it reposes has been abandoned, 
root and branch. 

This fact need not give rise to melancholy reflections. 
Science is a wonderful exhibition of stages in the greatest 
of human adventures, the intellectual adventure. In 
the refinement and subtilizing of his emotions and 
bodily sensations it is doubtful if man has made much 
of an advance. It is doubtful whether, in these matters, 
we have advanced much beyond the Greeks and the 
Romans, or whether we know more in these matters 
than was known to the great civilizations of India and 
China. But there has certainly been a real and advan- 
cing exploration of the resources of the mind. Man has 
advanced from one level of abstraction to another. He 
thinks thoughts that were never thinkable before; he 
has broken through mental barriers that never before 
were broken. Whatever may be true of the physical 
universe, it is true that the mental universe is constantly 
expanding. Newton’s theory was the most perfect that 
could be constructed in the universe of ideas in which 
he lived. And his curious indifference to science, and 
his passionate interest in mysticism, was probably due 
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to the awareness of the fact that his universe of ideas, 
in which he was so triumphant a master, was limited 
and insufficient. He would probably feel the same 
to-day. Genius of so supreme an order is probably 
always obscurely aware of possibilities of thought that 
it finds it impossible to formulate. But for the ordinary 
student the chief charm of science is that it acquaints 
him not only with a new body of ideas, but with new 
modes of thinking. He experiences a veritable growth 
of consciousness. 


§ 3 


One of the great stages in the evolution of scientific 
thought was reached in recent years, when the mechan- 
istic explanation of the universe was definitely aban- 
doned. In the Newtonian outlook the notions of matter, 
space and time were fundamental. All these notions 
are now regarded as derivative from a deeper, under- 
lying reality, as we shall see later. The Newtonian 
outlook is still the outlook of common sense, however. 
It seems quite natural to think of space as having a 
being of its own. We can imagine, or we think we can, 
completely empty space. The fact that space has 
material bodies existing in it is, it appears, quite irrele- 
vant to the nature of space. We imagine space being 
spread out before the material universe appeared, and 
we imagine it continuing to exist even if the material 
universe were annihilated. 

Similarly with time. We measure time by events, it 
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is true. We watch the successive swings of a pendulum 
or the movements of the heavenly bodies. But these 
events, it seems, occupy time very much as a body 
occupies space. Time, in its own nature, seems to be 
independent of events. We can imagine the march of 
time going on even in an empty universe in which no 
events ever happened. But can we imagine time going 
on in the absence of all space? If there were no space, 
if the whole universe shrank to a point, would time 
still exist ? This is not so easy to answer. We have an 
uneasy feeling that the question is meaningless. We 
become obscurely aware that space and time are, in 
some way, interconnected. Nevertheless, for our ordin- 
ary thinking we assume, as Newton did, that space and 
time are independent, fundamental realities. 

A third reality is matter. It is not a completely 
independent reality, it is true. We cannot conceive of 
a piece of matter that does not occupy space or that 
exists for no time at all. Both time and space are 
essential to the existence of matter. But matter is a 
separate reality in the sense that it is, in its own nature, 
something utterly different from space and time. It is 
an extraneous something embedded, as it were, in space 
and time. Out of these three entities scientific men 
have, until recent times, tried to construct the physical 
universe. ‘Tne universe has been regarded as a world 
of matter moving in an independent space and an inde- 
pendent time. 

There were also, of course, a number of subsidiary 
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concepts. There were attractive and repulsive forces, 
stresses and strains, cohesion, gravitation, etc. With 
this particular set of ideas scientific men bound them- 
selves, as it were, to explain—everything. All explana- 
tions, of course, proceed within a certain framework 
of ideas. Thus the psycho-analysts explain all human 
psychology in terms of their complexes, repressions, etc. 
The French cynic indicated his explanation of many 
human misfortunes by saying ‘ Cherchez la femme.’ 
There are bishops who explain degeneracy, immorality, 
madness and crime as due to cocktail drinking or the 
wearing of short skirts. 

The aim of the scientific scheme, also, is to reduce 
everything to a comparatively small number of funda- 
mental ideas. This is, of course, inevitable, but it has 
its dangers. The ether theory is a good example of the 
danger involved in trying to fit reality to an inadequate 
framework of ideas. The ether theory was an attempt 
to explain the phenomena of light mechanically. A 
vast medium was supposed to fill all space, and the 
mathematicians set themselves the task of working out 
what properties this medium must possess in order that 
its vibrations should constitute light. The task proved 
to be one of enormous difficulty. As the mathematicians 
piled ingenuity on ingenuity the ether became more and 
more fantastic. All sorts of strange physical properties 
were attributed to it. Sometimes, indeed, these pro- 
perties were entirely contradictory of one another. In 
the end the ether became more like the nightmare 
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dream of a mad engineer than a physical reality. Space 
became filled with an incredible complex of gyroscopes, 
driving bands, pulleys, cog-wheels, and what not. 

The construction of ethers had already become less 
popular (chiefly, one may suppose, through boredom) 
when Einstein showed that there was no reason to 
suppose that an ether existed. The whole of this effort 
to explain light had been a misdirection of energy. 
Light is not to be explained in mechanical terms. 

Up to the beginning of the present century physical 
science sought for an explanation of the universe in 
mechanical terms. Even the phenomena of life and of 
mind, it was hoped, would be brought within this general 
scheme. The great change that has come over physical 
science is due precisely to the realization that this 
particular group of ideas is inadequate. We are in 
process of replacing them by a different set. But it is 
not yet clear, unfortunately, what the new set will be. 
The new concepts, those that we have elaborated so 
far, are not yet perfectly definite. The electron, for 
instance, is at present a very hazy entity. It is nothing 
like so definite a thing as the hard, substantial little 
atom of the Victorians. And, besides this deplorable 
haziness, we are not yet sure that we have found the 
right concepts out of which to build our picture of reality. 
Our notions of space and time, for instance, although 
much more subtle and flexible than they were before 
the appearance of Relativity Theory, are very likely not 
yet subtle enough. It is suspected that many of the 
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difficulties and puzzles we meet with in science to-day 
are due simply to the way we think about things. It 
is very probable that some of the questions we are 
putting to nature are just meaningless. It is this fact 
that makes the present stage of science so peculiarly 
interesting. We are living, not merely in an epoch of 
fresh discoveries, but at the birth of a new world 
outlook. 


§ 4 

The first definite indication that the old scientific 
outlook was inadequate may be dated 1905. That was 
the year in which Einstein published his first paper on 
relativity. The ether theory, as we have said, seemed 
to be dead, or at least moribund, under the immense 
weight of its own ingenious details. It raised more 
problems than it solved, but it so happens that one of 
the problems it raised must perhaps be counted as the 
most valuable of all its achievements. This was the 
problem of whether the earth, in its motion through 
the ether, carried any of the ether along with it. 

This problem, as we now know, was a pseudo-problem 
(as are probably some of our problems to-day), but at 
the time it appeared perfectly reasonable. Those who 
believed that the ether was not affected by the motion 
of material bodies through it maintained that the ether 
passed through the spaces between the atoms of matter 
like the wind through a grove of trees. However, the 
question could not be decided by pure theory, and it 
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was put to the test of experiment. The results were 
baffling, for some experiments showed clearly that 
moving matter does not carry the ether along with it, 
and other experiments showed just as indisputably that 
it does. 

The most famous of these experiments is the one 
originally carried out by Michelson and Morley in 1887. 
Since then this experiment has been repeated many 
times. In principle it is very simple, and consists in 
comparing the velocity of light in different directions. 
If the earth is moving through a stationary ether it can 
be shown that two rays of light, one moving in the 
direction of the earth’s motion, and the other at right 
angles to it, should take unequal times to cover the 
same distance. But although the experiment has often 
been repeated, no difference has ever been found, 
although in some of these experiments the apparatus 
has been so delicate that a difference one hundred times 
less than.the difference expected could have been 
measured. Michelson concluded, from the negative 
result of his experiment, that the earth carries the ether 
along with it. This conclusion, however, is quite 
opposed to certain very trustworthy astronomical 
observations. 

The dilemma thus created is a very real one, and the 
way out, which was shown by Einstein in 1907, is an 
effort of genius of the highest order. It is difficult to 
say which one admires the more, the confidence and 
boldness necessary to put it forward or the originality 
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and imagination necessary to conceive it. Briefly, 
Einstein asserted that the velocity of light is always the 
same, whether we measure this velocity from a system 
which is in motion or a system that is at rest. 

To see the paradoxical nature of this assertion, let 
us apply it to our ordinary experience. If we say that 
the speed of a motor-car is sixty miles per hour we 
mean that its speed, measured by a stationary observer, 
is sixty miles per hour. If it passes a car travelling in 
the same direction at forty miles per hour it obviously 
passes it at a speed of twenty miles per hour. And if 
the second car, instead of travelling in the same direction, 
were coming to meet it, they would obviously pass one 
another at a speed of one hundred miles per hour. Yet, 
according to Einstein, the speed of a ray of light, 
measured by these various observers, would be found 
to have exactly the same value, namely, 186,000 miles 
per second. The speed of the observer, in fact, makes 
no difference at all. This is true whether he is advan- 
cing to meet the ray of light or whether he is running 
away from it. 

The statement, at first sight, seems to be mere non- 
sense. It seems to be self-contradictory. But we see 
a way in which the statement may make sense if we 
reflect that a velocity is a distance divided by a time. 
To find the speed of anything we measure the distance 
it has traversed and divide it by the time it has taken 
to do it. If, therefore, these different observers are 
using different measures of distance and of time, it is 
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quite possible that they may get the same ratio. If 
their clocks are keeping different times, and if their 
yard measures are of different lengths, then it may 
happen that these differences balance out, as it were, 
so that they reach the same figure for the velocity of 
light. 

Einstein asserts that this is what does happen. He 
says that our measures of length and of time vary with 
our motion. A_ stationary observer, watching our 
measuring instruments as we moved past him, would 
judge that our yard-sticks had contracted, and that our 
clocks were running slow. Curiously enough, if we 
watched his measuring instruments we would make 
exactly the same judgment about them. These extra- 
ordinary phenomena have never, of course, been observed, 
because they do not become measurable, even by the 
finest observation, except at enormous speeds, speeds 
comparable with the velocity of light itself. 

In order to appreciate the changed complexion given 
to scientific theorizing by Einstein, we must remember 
that he starts with an observed fact. That fact is the 
constancy of the velocity of light. If we admit this as 
being universally true, then it can be deduced, as a 
necessary consequence, that space and time measure- 
ments are relative in the way shown by Einstein. They 
vary with the motion of the observer. Two events 
which are simultaneous for one observer, for instance, 
are not simultaneous for an observer who is moving 
with a different motion. There is no such thing as the 
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time or the distance between two events. Different 
observers reach different results. And no one observer 
is more privileged than any other. 

We have seen that the Michelson-Morley experiment 
failed to reveal any motion of the earth through the 
ether. And as the ether was supposed to be a great 
jelly filling all space, scientific men would have been 
quite willing to take motion through the ether as a 
revelation of motion in absolute space. But no such 
motion can be detected. Every motion that we can 
detect is a relative motion. We have to ask, Compared 
with what is it moving? The standard of comparison 
chosen is always merely a matter of convenience. It is 
appropriate to the purpose we have in mind at the 
moment, but it has no absolute validity. In estimating 
the speed of a motor-car we take no account of the fact 
that the earth is rotating on its axis, that it is also 
revolving round the sun, and that the whole solar 
system is moving towards the star Vega. Even if we 
did take these motions into account we should be no 
nearer knowing the car’s velocity ‘in space.’ For Vega 
is taking part in the general rotation of the whole 
galactic system, and this system itself is moving rela- 
tively to others. However far we go we find nothing 
but a relative motion. The notion of * absolute velocity ” 
is, in truth, unmeaning. 

Kinstein’s theory, as we have seen, explains the null 
result of the Michelson-Morley experiment. But that 
is only an incidental result; the theory does a great 
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deal more than that. It explains, as does every great 
scientific theory, a large number of apparently discon- 
nected facts. And this, of course, gives it a great 
aesthetic charm. The aesthetic charm of Ejinstein’s 
theory is, however, quite unusual. We are now speaking 
of the theory published in 1905—the so-called Special 
Theory of Relativity. The General Theory, published 
ten years later, is even more remarkable, and we shall 
discuss that later. 

Einstein has professed to be uninterested in con- 
siderations of ‘ elegance’ where a scientific theory is 
concerned. He agrees with Boltzman, he says, that 
such considerations should be left to the cobbler and 
tailor. The history of his own theory, however, shows 
that aesthetic charm and truth are inextricably linked. 
The true significance of Ejinstein’s theory was not 
realized until Minkowski gave his celebrated address 
on Space and Time in 1908. Minkowski gave an 
astonishing beauty and symmetry to Einstein’s doctrine 
of the relativity of space and time by showing that all 
this followed naturally if we regard space and time as 
being aspects of a more fundamental reality—the four- 
dimensional space-time continuum. 

Space, as we have said before in this book, has three 
dimensions. Time has only one. It is analogous to the 
one dimension of length. If we wish to know how much 
of time a man’s life has occupied, we ask about its 
“length.” There is nothing corresponding to breadth 
and thickness in time. The three dimensions of space 
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and the one dimension of time, therefore, if they were 
in some way amalgamated, would form a total possessing 
four dimensions. This is the amalgamation that Min- 
kowski announces in his address. As he says: 


‘Henceforth space by itself, and time by itself, 
are doomed to fade away into mere shadows, and 
only a kind of union of the two will preserve an 
independent reality.’ 


Nature, it appears, knows nothing of the distinction 
we make between space and time. The distinction we 
make is, ultimately, a psychological peculiarity of ours. 
There is nothing absolute about space or time. As we 
have seen, different observers make different estimates 
of the space and of the time, separating two events. 
But there is a certain relation that they are all agreed 
on—a relation referring directly to the four-dimensional 
reality. This relation is called the interval. It is a 
spatio-temporal relation, and is obtained by each 
observer combining his space and time measurements 
in a certain way. Different observers will disagree 
as to the space separating two events. They will 
disagree as to the time separating two events. But 
they will all agree on the interval between these 
events. 

The significance of this quantity, the interval, was 
admirably brought out by Minkowski. He showed that, 
in its mathematical expression, it is analogous to the 
mathematical expression for a length. But, if it be 
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regarded as a length, it must be as a length in a four- 
dimensional continuum. All observers agree on measure- 
ments that refer directly to the four-dimensional 
continuum. 

Now we have already seen that there are various 
kinds of geometry, Euclidean and non-Euclidean. Each 
geometry has its own particular mathematical expres- 
sion for a length. No two geometries are alike in this 
respect, and from this one expression the mathematician 
can deduce all the characteristics of a geometry. Now 
if we regard the ‘ interval’ as a length in a four-dimen- 
sional continuum we can, by studying its mathematical 
expression, find what sort of geometry it indicates for 
the four-dimensional continuum. 

The result is very interesting. We find that the 
geometry in question is not Euclidean, and one of the 
most striking facts about it is that, according to this 
geometry, a critical velocity must exist. ‘There must be 
a velocity that appears the same to all observers, what- 
ever their relative motions may be. The fact that we 
have already discovered such a velocity in the velocity 
of light is a strong indication, therefore, that we are on 
the right track. We may regard the Michelson-Morley 
experiment, in fact, as an experimental confirmation of 
Minkowski’s geometry. Other results that can be 
deduced from this geometry are also confirmed by experi- 
ment. We see that what would seem to us to be singular 
and arbitrary laws of nature are really consequences of 
the fact that the four-dimensional space-time continuum 
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is governed by a certain type of geometry. We replace 
laws of nature by geometry, as it were. 

This fact throws a strange light on the scientific 
picture of the universe. We see that that picture is 
much more of a mental creation than we had supposed. 
The attitude of scientific men, before Relativity Theory, 
was comparatively naive. They looked abroad on the 
universe and saw lumps of matter moving about in 
accordance with certain laws. Both the lumps of 
matter and the laws were supposed to exist quite inde- 
pendently of our minds. We simply saw what happened 
to be there. The lumps of matter we perceived * directly.” 
The laws of matter were not so directly perceived—it 
was often a matter of considerable trouble to find them 
—but they were just as truly objective, they were just 
as truly independent of us. 

The attitude to-day is rather different. We can 
illustrate it by an example originally given by Poincaré. 
Suppose we select three heavenly bodies and study the 
triangle formed by them. According to Euclid the 
three angles of this triangle add up to two right angles. 
We make the measurements, we will suppose, and we 
find that they do not add up to two right angles. Shall 
we conclude from this that Euclid’s geometry is not 
applicable to our space ? We know now that there are 
non-Euclidean geometries that will explain our measure- 
ments. Shall we adopt one of them? It does not 
follow that we shall. For we have assumed, in making 
these measurements, that light is propagated in straight 
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lines. We have accepted this as one of the ‘ laws of 
nature.” But this law has been based on a lmited 
number of observations. We might be able to alter the 
law slightly and still fit these observations. And this 
modified law, when applied to the great spaces of our 
astronomical measurements, might give results differing 
perceptibly from the old law. It might, in fact, account 
for our measurements, and make it unnecessary to 
suppose that Euclid’s geometry has been violated. 

This example suffices to show that the geometry we 
assume and the laws of nature we discover are not com- 
pletely independent of one another. We have two 
variables to play with, as it were. It is all a matter of 
convenience. We wish to construct our picture of 
nature as economically and harmoniously as possible. 
It is obviously desirable to use as few special laws of 
nature as possible. In the above example we could 
preserve E.uclid’s geometry at the price of inventing one 
special law of nature. In this case we would probably 
think it worth while to preserve Euclid’s geometry. 
But if we found that the adoption of some non-Euclidean 
geometry effected a very considerable saving in our laws 
of nature, then we might find it worth while to adopt 
the non-Euclidean geometry. This is what Einstein 
has done in his Generalized Theory of Relativity. 

In this theory Einstein has shown that a great deal of 
nature’s behaviour can be explained if we suppose that 
events are taking place in a non-Euclidean universe. 
Many of the happenings that have led us to invent laws 
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of nature to account for them are merely natural con- 
sequences of the fact that we live in a universe whose 
geometry is non Euclidean. As we have seen, Einstein 
had already done this, to a limited extent, in his 
Special Theory of Relativity. The General Theory, 
however, goes very much further, and the geometry it 
assumes is much less like Kuclid’s than was the geometry 
put forth by Minkowski. The geometry adopted by 
Einstein is, indeed, a very general form of geometry 
called Riemannian geometry, from Riemann, who in- 
vented it. It is a vastly more complex geometry than 
the one assumed by Minkowski. 

Nevertheless, there is one important respect in which 
Minkowski’s contribution was essential to the creation 
of the Generalized Theory. That was his discovery that 
space and time are not to be considered as independent 
realities. Minkowski’s conception of the universe as 
four-dimensional lies at the very basis of the new theory. 
As Einstein says, but for this discovery the theory of 
relativity might never have emerged from its long 
clothes. But the geometry of this four-dimensional 
amalgam of space and time is not the comparatively 
simple geometry assumed by Minkowski. That geometry, 
as we have seen, accounted for a fair number of things, 
but Riemannian geometry accounts for many more. 

It accounts, for instance, for gravitation. Indeed, 
this is perhaps its greatest achievement. The force of 
gravitation had always been a puzzle. In several respects 
it stands quite alone amongst all the forces of nature. 
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The gravitational force between two bodies is not 
affected in the least, for example, by their physical or 
chemical conditions. Also, there is the puzzling fact 
that it seems to act instantaneously. Light, as we know, 
takes time to travel. So does every other form of radiant 
energy. We have seen that the mathematicians after 
Newton supposed that the electric and magnetic forces 
acted directly at a distance, as gravitation was supposed 
to do. But Faraday and Maxwell showed that the 
electric and magnetic forces are, in fact, propagated 
through the intervening space. Maxwell showed that 
this propagation is in the form of waves, and that these 
waves move with the velocity of light. This is the dis- 
covery, we may remark incidentally, on which ‘ wireless ” 
is based. But all efforts to bring gravitation into line 
with the other forces proved ineffectual. Many such 
attempts were made, but none of them could be made 
to square with observation. It seemed that the instan- 
taneous action of gravitation must be accepted. 
Another singular fact about gravitation is that 
nothing acts as a screen to it. We have substances that 
stop light, that stop heat, that stop the electric and 
magnetic forces, that stop even X-rays, but we know 
of nothing that stops gravitation. A body held up 
in the air weighs just as much however many bodies 
we interpose between it and the surface of the earth. 
The pull of the earth on it is not affected in the slightest.1 


1 Some of the effects of a screen for gravitation are ingeniously 
worked out by H. G. Wells in his First Men in the Moon. 
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All these facts are very puzzling, if we conceive gravi- 
tation as a force, like the other natural forces. But 
Einstein showed that it is not a force at all. That 
bodies ‘ gravitate’ towards one another is a straight- 
forward consequence of the fact that we live in a non- 
Euclidean universe. A four-dimensional continuum 
governed by Riemannian geometry will possess a certain 
kind of curvature in the neighbourhood of matter. 
This curvature manifests itself to us as ‘ gravitation.’ 
We can thus understand its omnipresence and un- 
alterability, for it is inherent in the very structure of 
space-time. 

When the formula for gravitation is worked out on 
this basis it is found to be not quite the same as the 
formula Newton gave. In nearly every case, however, 
it is exceedingly close to it, and it is for that reason 
that Newton’s law has been found perfectly satisfactory 
for over two centuries. As a matter of fact, Newton’s 
Jaw is still used in practice, except in a few very special 
cases. But these special cases are important, and 
furnish a beautiful vindication of the truth of Einstein’s 
theory. 

One of them is peculiarly interesting, in that it settles 
a long-standing difficulty. This difficulty is connected 
with the motion of the planet Mercury, the planet 
nearest to the sun. On the Newtonian theory Mercury 
would describe a perfect ellipse round the sun, if it were 
the only planet in the solar system. But the gravi- 
tational influence of the other planets disturbs it, and 
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its actual path is not accurately an ellipse. Astronomers 
have calculated what this alteration should amount to. 
But when they compare their calculations with the 
observed motion of Mercury they find a quite noticeable 
discrepancy. This fact bothered mathematicians for 
many years. A famous attempt to solve it was made 
by Leverrier, the great French mathematician. Lever- 
rier had won great fame by his mathematical discovery 
of the planet Neptune. He had had nothing to go on 
but minute irregularities in the motion of Uranus, the 
outermost planet then known. But from these irregu- 
larities, by magnificent mathematical skill, he deduced 
the size, distance, velocity and position of the then 
unknown planet Neptune, and when Dr. Galle of Berlin 
turned his telescope on the spot that Leverrier indicated 
to him, he found the planet. 

Leverrier, naturally enough, tried a similar method 
to account for the irregularity in the motion of Mercury. 
He deduced that there must be an inner planet, rota- 
ting between Mercury and the sun. This planet was 
actually named. It was called Vulcan. Several people 
thought they saw it, but it turned out that they had 
only seen spots on the sun. Gradually belief in Vulcan’s 
existence died away, and the puzzle of Mercury’s motion 
remained as formidable as ever. Ejinstein’s theory 
clears up the whole matter. His formula, when applied 
to Mercury, gives exactly the motion that is observed. 
This is obviously a great triumph for Einstein’s theory. 

An even more spectacular result is Einstein’s pre- 
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diction of the deflection of light. We have already said 
that Einstein makes gravitation an inherent property 
of space-time. The planets, for instance, move in the 
way they do because they are pursuing the easiest path 
through the space-time continuum that surrounds them. 
It is not that they are acted on by a force; the path 
they follow is the natural ‘ straight-line’ path in a 
region governed by that particular kind of non- 
Euclidean geometry. Now the path of a ray of light 
must, of course, be just as obedient to the laws of 
geometry as is any other path. Accordingly a ray of 
light passing through what we call a gravitational field 
must follow the path appropriate to that field. This 
means, in practice, that a ray of light from a distant 
star, passing near the sun, will be deflected, and the 
star will appear to be displaced in the sky. This state- 
ment can only be checked by observation during times 
of eclipse, for normally stars in the line of sight of the 
sun are not visible. As the result of several eclipse 
expeditions it has been verified that in these conditions, 
the stars are displaced to the precise extent indicated 
by Ejinstein’s theory. A third prediction is to the effect 
that atoms on the sun will vibrate more slowly than 
similar atoms on the earth. This will influence the 
quality of the light emitted by these atoms. A spectro- 
scopic examination of the light from the sun confirms 
this prediction also. | 

These examples suffice to show that the experimental 
evidence for Einstein’s theory is very good indeed. 
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Another consideration, which appeals greatly to mathe- 
maticians, is the extraordinary inner harmony and 
elegance of the theory. The results follow so naturally 
from the premises, and the premises are in themselves 
so acceptable, that it seems most unlikely that so 
coherent an argument could be wrong. The later 
developments of the theory, however, are not so con- 
vincing. ‘The ground covered by Einstein’s Generalized 
Theory is very considerable. It does not, however, 
account for everything. In particular, electric and 
magnetic phenomena are left outside his scheme. The 
later developments endeavour to bring them into the 
scheme. ‘These developments are due to Weyl, Edding- 
ton and Einstein himself. In each case the procedure 
is the same. Each of these developments is an effort 
to account for the electromagnetic forces in terms of 
geometry, just as Einstein has accounted for gravitation 
in terms of geometry. The geometry postulated, there- 
fore, is different from the original Riemannian geometry 
assumed by Einstein, since it can be definitely shown 
that there is no room, as it were, within that geometry 
for the electromagnetic forces. Unfortunately, the 
geometry sought for can be arrived at in different ways, 
or, rather, there is more than one geometry that will do 
what is required. Our preference for one or the other is, 
as Einstein has admitted, largely a matter of taste. 
The most interesting of these attempts, from the 
point of view of the general ideas involved, is that of 
Eddington. For Eddington starts with what would 
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appear to be the minimum number of assumptions pos- 
sible. He starts with a four-dimensional continuum, 
and he attributes to this continuum a certain geometry. 
But this geometry, compared with the firm lines of 
Euclid’s geometry, is so formless, that it may be regarded 
as but one step removed from complete chaos. Yet 
from this bare minimum of material Eddington is able, 
by mathematical analysis, to show that there is some- 
thing in this welter that has the quality of permanence 
and that obeys the laws of matter—such laws as gravi- 
tation, conservation, etc. Also, the laws of electro- 
magnetism are seen to arise from this primitive structure. 
It is as if the mind, faced with this inchoate four- 
dimensional world, selected certain characteristics of 
it as alone having significance. As a consequence of 
this selective action the physical world arises. Quite 
other worlds are also implicit, as it were, in the four- 
dimensional continuum, and it may be that they would 
be singled out in preference to our world by minds of a 
radically different constitution. This feat of Eddington’s 
is extremely interesting, but there are great divergencies 
of opinion as to its significance. Einstein has said that 
he does not like the method of approach although, as 
he admits, he cannot show that it is wrong. He has 
put forward an alternative theory which, also, does 
not carry widespread conviction. We are here on the 
borderland of scientific theorizing, and it is interesting 
to note that it is a region where aesthetic and philo 
sophical predilections play an active part. 
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But whichever of these alternatives may be selected 
the world of physics still remains mysterious. For there 
is a whole vast region of phenomena which still remains 
outside these grandiose unifications. These geometrical 
schemes deal with matter in bulk. It is when we come 
to the ultimate constituents of matter that we encounter 
laws of an entirely different kind. And these laws, it 
would appear, are the really fundamental laws of the 
physical universe. They are of so singular a character 
that they cannot at present be made to form an integral 
part with the rest of our scientific knowledge. And they 
have given rise to speculations even more curious than 
those of Relativity Theory itself. 


§ 5 


The first step in the new direction was taken by 
Professor Max Planck in the year 1900. He was con- 
cerned with the manner in which heat is radiated by a 
hot body. Radiant heat, as we know, exists in the 
form of waves. They are just like light waves, except 
that they are too long to affect our sense of sight. But 
the heat radiated from a hot body is not all of the same 
wave-length. It is made up of groups of waves, some 
long, some medium, some short. Planck was interested 
in the question of which waves carried the most energy. 
Does most of the heat run into the short waves, or the 
long waves, or the medium waves? ‘This question could 
be answered, of course, by experiment. It could also be 
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answered by mathematical calculation. But it was on 
comparing these two answers that Planck’s interest in 
the problem was excited. For they were in the most 
complete and flagrant contradiction with one another. 
This contradiction was no light matter, for the mathe- 
matical calculations rested on laws that had been 
universally accepted, and that were daily verified in 
countless experiments. Also, although technical errors 
were looked for in the calculations, none could be 
found. The heat measurements were repeated, and 
found to be correct. The contradiction was complete. 

Planck found a solution of this puzzle by supposing 
that energy is not emitted continuously, but in jerks, 
or quanta. An atom radiating energy would radiate it 
in separate little lumps, as it were. Each of these little 
lumps can be regarded as an atom of energy. When 
Planck developed this conception mathematically he 
was able to reach very close agreement with the experi- 
mental results. In spite of this, however, the theory was 
felt to be so strange that it was not regarded favourably 
by the scientific world. And yet the theory, as put 
forward originally by Max Planck, was by no means so 
revolutionary as it presently became. For Planck did 
not assert that energy itself had an atomic constitution. 
He thought there was some sort of mechanism in the 
atom which caused it to emit energy in little separate 
lumps. 

The further idea, that energy actually is atomic, came 
from Einstein. This idea is truly extraordinary. Energy 
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most certainly seems to us to be one of those things that 
are necessarily continuous. In this it resembles speed, 
distance, time, and many other concepts. We can, in 
imagination, make any of these things increase as 
gradually as we please. Yet there are hints that the 
notion of atomicity may have to be applied to all these 
things. It may be that time, for instance, can only 
progress by little finite jumps. It may be that we shall 
have to conceive of space as composed of points not 
less than a certain finite distance apart. Although it 
may be mathematically possible to formulate these 
ideas, they are very sharply opposed to our intuitions. 
We have seen, however, that modern scientific men 
are not disposed to pay very much attention to our 
intuitions. The atomicity of energy is a concept 
quite in keeping with the modern tendency. An 
electric charge used to be considered as the dis- 
tribution of a continuous fluid over the surface of 
the charged body. We now know that it is a 
collection of little separate charges—it is a collection 
of atoms of electricity. Matter, electricity, energy, 
they have all been atomized. This tendency is likely 
to spread. 

As we have said, the scientific world was not at first 
disposed to regard Planck’s extraordinary idea favour- 
ably. But a great variety of phenomena were discovered 
that lent support to it. One of the strangest and most 
puzzling of these is called the photo-electric effect. It 
is found that when light is allowed to fall on any sub- 
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stance electrons are emitted from that substance. The 
velocity of the electrons that come off can be measured. 
It is here that the phenomenon becomes puzzling. For 
the velocity of the electrons emitted does not depend 
at all on the intensity of the light. A powerful and 
highly concentrated beam produces more electrons, but 
they do not move any faster. If, however, we change 
the light, using light of a shorter wave-length—say, 
blue light instead of red light—then, however feeble 
the beam of light we use, the electrons come off 
with greater velocity. The shorter the wave-length 
of the incident light the higher the velocity of the 
emitted electrons. It does not matter how feeble the 
light is. 

To see how utterly opposed this fact is to our ordin- 
ary notions we will illustrate it by an analogy due to 
Sir William Bragg. X-rays, since their wave-lengths are 
much less than those of ordinary light, cause electrons to 
be emitted at immense speed. Now X-rays are produced 
by the sudden stoppage of electrons, as when, in a 
vacuum tube, we fire off a sheaf of electrons which are 
stopped by the walls of the tube. Each electron, thus 
suddenly stopped, generates X-rays, which spread out 
in an expanding sphere round the point of impact. 
As the spherical wave spreads out it naturally gets 
feebler and feebler, since the same total energy is spread 
over a wider and wider front. Yet, however feeble it 
may become, a portion of this wave, on striking some- 
thing, say a metal, projects electrons from it having the 
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velocity of the original electron that produced the 
X-rays. As Sir William Bragg says : 


‘It is as if one dropped a plank into the sea from 
a height of 100 feet, and found that the spreading 
ripple was able, after travelling 1000 miles and becom- 
ing infinitesimal in comparison with the original 
amount, to act upon a wooden ship in such a way 
that a plank of that ship flew out of its place to a 
height of 100 feet.’ 


As Sir William Bragg’s analogy makes clear, these 
facts are altogether opposed to our idea that light 
energy is uniformly distributed over a wave-front. But 
if we suppose that each stopped electron in the vacuum 
tube shoots out a little bullet of energy that arrives 
intact at the metal, then the results lose their para- 
doxical character. It appears that we must abandon 
the wave theory of light and adopt a bullet or corpus- 
cular theory. But the distressing fact is that we cannot 
abandon the wave theory of light. Some of the very 
best attested experiments in science simply require the 
wave theory for their explanation, and cannot be ex- 
plained by the corpuscular theory. But, as we shall see 
later, scientific men have evolved a curious sort of 
combined theory. And this theory is concerned not 
only with the propagation of energy, but also with the 
constitution of matter. 

It was found that the theory of the atom as a minia- 
ture solar system that we have outlined also required 
the Quantum Theory for its explanation. In its original 
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form the theory was impossible. According to the 
accepted laws of nature the revolving electrons in the 
atom should approach ever closer to the nucleus until 
finally the whole atom must vanish in a flash of radiation. 
So that on this theory of matter, matter could not exist. 
Nevertheless, the experimentalists were convinced that 
something corresponding to this picture must be true. 
Their experiments confirmed it. Again we had a con- 
tradiction between experiment and calculation. And 
again the contradiction was resolved in the same way, 
that is, by changing the basis of the calculations. 

This was done by the brilliant young Danish physicist 
Niels Bohr, who was the first to apply the Quantum 
Theory to the atom. In its application to the atom the 
idea that energy can only increase or decrease by finite 
jumps resulted in saying that the revolving electrons 
in an atom can only move in certain orbits. These 
orbits are spaced at certain definite distances from the 
nucleus. ‘There is a first orbit, second orbit, third orbit, 
and so on. An electron can revolve in any one of these, 
but it cannot possibly revolve in the space between 
two orbits. In particular it cannot get nearer to the 
nucleus than orbit No. 1. These steady orbits, we may 
mention, are absolutely impossible on the old mathe- 
matical theory. According to the old theory a revolv- 
ing electron is continually radiating energy, and, so far 
from the spaces between orbits being sacrosanct or 
inviolable, the electron would infallibly pass through 
them on its journey down to the nucleus. According 

G 
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to Bohr, however, an electron only radiates energy when 
it jumps from an outer orbit to an inner orbit (which it 
does, in some unimaginable way, without passing over 
the intervening space). While it revolves steadily in 
one orbit it radiates no energy. 

This theory, it must be remembered, is, in a sense, 
a purely arbitrary theory. No reason whatever can be 
given why the atom should be constituted like this. 
It can be shown that this construction will fulfil the 
requirements of the Quantum Theory, and that the 
older theory will not even account for the fact that 
matter exists. But the theory had no real rational 
basis ; its justification is that it works. 

For a time it worked brilliantly. In particular it was 
very successful in explaining, in detail, the light radiated 
from glowing hydrogen. Livery substance sends out its 
own distinctive kind of light, usually exceedingly com- 
plex, and one of the chief duties of any theory of the 
atom is to explain these complexities in detail. Besides 
explaining the light from hydrogen, Bohr’s theory gave 
a good general account of the light emitted by other 
elements, but the mathematical difficulties presented 
by these more complex atoms did not admit of such 
detailed treatment. Nevertheless, the theory was 
considered to be satisfactory as far as it had been 
carried. But since then new experimental results have 
entirely changed the whole aspect of things. The Bohr 
theory has been definitely abandoned, and an entirely 
new light has been thrown upon the nature of matter. 
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Matter has revealed itself as being so extraordinary, 
even incomprehensible, a thing, that the resultant 
change in our outlook has been described as the greatest 
revolution in the history of scientific thought. 

To put it briefly, the electron, the ultimate constituent 
of matter, is found to have the properties both of a 
wave and of a particle. The old particle conception, 
as used by Bohr, is altogether inadequate. And with 
this discovery the last possibility of picturing the 
electron has gone. It is strange that the more we 
investigate the true nature of matter, the most familiar 
thing in our experience, the more elusive it becomes. 

The first man to initiate the new wave theory of 
matter was Prince Louis de Broglie, and it has since 
been developed by Schrédinger and others. But we 
shall postpone the consideration of their investigations 
until we have described the experimental evidence for 
the twofold character of matter. 

That electrons are particles is plainly shown by caus- 
ing them to bombard a specially prepared screen. If 
we take a sheet of glass and lightly powder it with zinc 
sulphide crystals and then bombard it with electrons, 
we shall find that scintillations appear irregularly all 
over it. Each electron, on striking the screen, causes 
a faint spark which can be seen in the dark by the help 
of a magnifying lens. The stream of electrons behaves 
like a shower of rain falling on the screen, each impact 
giving a tiny spark. Here we have a clear and con- 
vincing proof that electrons travel like little bullets. 


100 LIMITATIONS OF SCIENCE 


Now let us consider another experiment. When 
X-rays were discovered there was some doubt as to their 
nature. It was thought that they might be little par- 
ticles ; it was also thought that they might be waves. 
The matter was settled by causing X-rays to pass 
through crystals, and examining the patterns produced 
on a photographic plate. If that pattern consists of 
alternate dark and bright bands, then X-rays must 
be waves. For the dark bands are produced, it can be 
shown, by the crest of one wave coinciding with the 
trough of another, thus cancelling one another, while 
the bright bands are due to the fact that the crests 
of two waves coincide. Nothing but a wave motion 
can explain this phenomenon, and when the X-rays 
were found to give this series of bands it was unhesi- 
tatingly concluded that they are waves. It was on this 
kind of evidence that the wave theory of light was 
founded. What would happen if this experiment were 
performed with electrons? Judging from the scintil- 
lating screen experiment we should merely get an 
irregular distribution of electrons over the photographic 
plate. But when the experiment is performed we get a 
perfectly regular sequence of bright and dark bands, as in 
the X-ray experiment. Electrons, then, behave like waves. 

This experiment is one of considerable delicacy. 
X-rays have considerable penetrating power, but the 
penetrating power of electrons is very slight. The 
electrons were fired through a thin sheet of metal, for 
an ordinary metal consists of microscopic crystals held 
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together by a sort of cement. But owing to the feeble 
penetrating power of the electrons, the metal sheet had 
to be extremely thin. Professor G. P. Thomson pre- 
pared sheets of metal only one-millionth of an inch in 
thickness. Such metal sheets are very transparent. 
Objects can be seen through them quite easily. Even 
the bricks of a distant building can be counted if the 
sheet is held close to the eye. 

The bright and dark bands obtained in this way are 
in the form of concentric rings, as in the X-ray experi- 
ments, but they are rather smaller than the X-ray 
rings. This indicates that the electron waves are 
shorter than X-ray waves, which is in entire agreement 
with de Broglie’s theory. 

We see, then, that the experimental evidence shows 
that electrons are both particles and waves. The 
notion of a particle is straightforward enough, but the 
waves that constitute an electron are not straight- 
forward waves. In the system of waves constituting 
an electron there is a ‘disturbed area’ which moves 
more slowly than the train of waves. We see some- 
thing similar in a storm at sea, where there are patches 
of intense disturbance moving comparatively slowly. 
The advancing waves overtake and move through these 
patches. ‘These disturbed areas reveal the position of 
the electron. But we cannot say that the disturbed 
area is the electron. For any such area has a tendency 
to spread, and if the matter of our world consisted of 
a number of disturbed areas it would by now have 
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spread indefinitely. The disturbed area is not the 
electron, but the electron is somehow intimately associ- 
ated with it. The electron travels with it, for example. 

But when we come to give some sort of physical body 
to this theory we find it quite impossible to do so. We 
cannot imagine these waves to be physical disturbances 
in some sort of universal medium—an ether. They 
are, it appears, completely immaterial waves. 'They 
are aS immaterial as the waves of depression, loyalty, 
suicide, and so on, that sweep over a country. Such 
immaterial waves are not necessarily mere metaphors. 
A wave of emotion sweeping over a country, rising and 
falling, passing from place to place, could conceivably, 
if it were measurable, be expressed as a wave. Simi- 
larly, these electron waves are sometimes described as 
waves of probability. If the waves are intense in any 
region, it means that the electron is likely to be there. 
But that these waves, whatever they may be, are com- 
pletely unsubstantial, is shown when we come to apply 
this theory to atoms. 

As long as we are considering a single electron we 
may be misled into supposing that its waves are physical 
realities, for they occupy three dimensions, and there- 
fore our three-dimensional space could accommodate 
them. But we find that the waves associated with two 
electrons require a six-dimensional space to exist in, 
those associated with three electrons require nine 
dimensions, and so on. Each electron, in fact, requires 
a three-dimensional space to itself. This would seem 
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to make it obvious that these waves are merely a mathe- 
matical device. It is distinctly . disconcerting, there- 
fore, to find that experiment, as we have seen, confirms 
their existence. The apparent agreement between 
calculation and experiment seems to be in some sense 
illusory. It is very difficult to avoid the conclusion that 
the experiments have not yet received their right inter- 
pretation. And there, for the present, we must leave 
the matter. 

Enough has been said to show how different the scien- 
tific world has become from that plain, straightforward, 
objective universe with which we started. At the 
present day the scientific universe is more mysterious 
than it has ever been before in the history of thought. 
Although our knowledge of natural processes is greater 
than it has ever been, this knowledge is, in a way, less 
satisfactory, for in every direction we are faced by 
ambiguities and contradictions. Yet this state of 
affairs is not depressing ; it is, on the contrary, extra- 
ordinarily stimulating. For we feel that our difficulties 
can only be resolved by man’s imagination rising to 
the task of constructing radically new concepts. We 
have reached one of the great stages in the adventure 
of thought. We are, very possibly, already on the 
brink of some great new abstraction. We are required 
to see the universe with new eyes, and it is because it 
makes such demands and also holds out the promise of 
realizing them, that the study of science is so supremely 
worth while. 
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Perhaps the most important new concept that has 
yet emerged out of the rich and fascinating Quantum 
Theory is the Principle of Indeterminacy. This principle 
is the negation of the strict determinism that has hitherto 
reigned in science. Until quite recently science has 
assumed that a knowledge of the present is sufficient to 
enable us to determine the future. From a knowledge 
of the present positions and velocities of the heavenly 
bodies, for instance, we can prophesy future eclipses. 
There are many cases, of course, where we cannot say 
exactly what will happen, but that is because our 
knowledge of the conditions involved are not sufficiently 
precise. Thus we say that the result of tossing a penny 
or throwing a dice is a matter of chance. But nobody 
doubts that the result is, in fact, exactly determined 
by the velocities, the resistance, and so on, involved. 
A full knowledge of all these factors would enable us 
to prophesy the result correctly. Again, in a specimen 
of radium only a certain percentage of radium atoms 
are breaking up at any one time. We could not say, 
of any particular radium atom, exactly when it will 
break up. It might break up within the next minute, 
or within the next thousand years. But the reason for 
our uncertainty is, we suppose, our insufficient know- 
ledge of the constitution of the radium atom. We 
believe, or, rather, we have hitherto believed, that 
every event in nature is an example of strict cause and 
effect. The possible exceptions are provided by those 
of our own actions which are, we say, the result of ‘ free- 
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will.” But many have thought that the strict determin- 
acy found in nature would ultimately be extended to 
our mental processes, and that our consciousness of 
free-will is an illusion. The Principle of Indeterminacy 
has profoundly changed this outlook. 

The Principle of Indeterminacy is founded on the 
fact that we cannot observe the course of nature without 
disturbing it. This is a direct consequence of the 
Quantum Theory. The effects are most obvious in the 
case of electrons, so we will confine our attention to 
electrons, which are, it will be remembered, the funda- 
mental constituents of the material universe. 

An electron in complete isolation would be unknow- 
able. It is only when an electron is interchanging 
energy with some other part of the universe that we can 
become aware of its existence. But no interchange of 
energy can take place that does not involve at least one 
quantum or atom of energy. Now the electron is so 
small and light a body that this amount of energy is 
sufficient seriously to disturb it. Let us suppose, for 
example, that we are observing the electron’s position 
and velocity through some sort of super-microscope, so 
as to calculate where it will be a second hence. In order 
to see the electron we shall have to use light. At least 
one quantum of energy will be involved, and this is 
sufficient to disturb the electron in an unpredictable 
manner. By using light of long wave-length, and 
therefore of little energy, we would not greatly disturb 
the velocity of the electron, but its position would he 
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very hazy, since we cannot distinguish objects that are 
small compared with the wave-length of the light we 
are using. If, on the other hand, in order to determine 
the position accurately, we used light of very short 
wave-length, its great energy would hopelessly disturb 
the motion of the electron. Now for accurate prediction 
we must know both factors ; we must know both position 
and velocity. But these two factors are so connected 
that the more accurately we know the one the less 
accurately we know the other. And this uncertainty, 
the Quantum Theory tells us, can never be less than a 
certain amount. 

The difficulty can be made even clearer if we consider 
the electron from the point of view of the wave theory. 
According to this theory an electron corresponds in 
some way to a ‘ disturbed area,’ or wave-packet, as it 
is sometimes called. The correspondence is such that 
the position and velocity of the wave-packet will give 
us the position and velocity of the electron. We may 
regard the electron as being situated somewhere in the 
wave-packet. Now wave-packets may be large or small. 
Also, wave-packets continually spread, but small packets 
spread faster than large ones. Let us consider an 
electron that is associated with a large wave-packet, 
and let us ask what we know about its position and 
velocity. We see at once that the position of the electron 
is vague, for it may be anywhere in the wave-packet. 
Its velocity, also, is somewhat indefinite, for if it is in the 
forward part of the spreading packet it is moving faster 
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than if it is in the hinder part which is spreading back- 
wards. The wave-packet is moving as a whole, but the 
forward spreading part is obviously moving faster than 
the average, while the backward spreading part is mov- 
ing more slowly than the average. But since large 
wave-packets spread slowly the uncertainty about the 
electron’s velocity will not be very great. It will be 
less the larger the wave-packet. If, on the other hand, 
we are dealing with a small wave-packet, we see that the 
position of the electron will be fairly well defined, but, 
owing to the rapidity of spread of a small wave-packet, 
the velocity will be much more uncertain. This example 
shows once more that we pay for precision in position by 
uncertainty in velocity, and vice versa. 

We see, then, that we cannot accurately determine 
an electron’s future behaviour. Any observations we 
make in order to get the necessary data disturb the 
electron in an unpredictable way, and therefore our 
data become useless in the very act of obtaining them. 
What, then, becomes of the determinism hitherto 
assumed by physical science? It becomes a _ useless 
principle. We may say, if we like, that the motion of 
an electron is strictly determined, although we can 
never determine it. But of what use is that statement 
to a scientific man ? Since, by hypothesis, he can never 
verify the statement, and since phenomena happen just 
as if it were not true, the statement is, to the scientific 
man, mere useless lumber. A determinist may say, as 
some of them do, that indeterminacy is unthinkable. 
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Strict cause and effect, they may say, is a necessity of 
thought. This is the old problem of free-will and 
determinism, and scientific men will probably be careful 
not to enter on it. But if we believe in the reality of 
free-will, we can accept indeterminacy as a fundamental 
principle. When Eddington says that something 
analogous to free-will must be put at the basis of physical 
phenomena, he means that the Principle of Indetermin- 
acy is something more than a pragmatic rule, something 
more than a temporary mathematical device, and that 
it belongs to as fundamental a category of thought as 
does the notion of strict causality. 

Both alternatives are equally possible. The question 
is, which of these principles does nature obey? And 
the answer we have obtained so far is that the ultimate 
processes of nature are not strictly determined. This 
theory has no difficulty in explaining the fact that in 
practice, when we deal with appreciable lumps of matter, 
nature exhibits strict cause and effect. For this apparent 
uniformity of nature is merely a statistical effect. The 
idiosyncrasies of the individual electrons and atoms in 
any perceptible piece of matter cancel out, as it were. 
Indeed, one of the real tasks of science at present is 
to deduce the laws that govern matter in bulk from 
the laws that govern its ultimate constituents. The 
reduction caunot be effected the other way round. It 
is the electron that is the key to the universe. 


CHAPTER IV 


THE SCIENTIFIC ACCOUNT OF ORIGINS 


§ 1 


One of the most interesting questions that can be put 
to science is the question as to the origin of the present 
state of things. We are born into a world of inconceiv- 
able diversity. The mere varieties of material substance 
themselves defy enumeration. And even more unimagin- 
able is the variety of living things, plants and animals. 
We ourselves, as has long been remarked, are fearfully 
and wonderfully made. The immediate scene of this 
panorama is the surface of a sphere of land and water, 
rotating on its axis, and circling round an immensely 
huger sphere of blazing gas. Attending it are other 
spheres which, judged by our standards, are completely 
meaningless, since they support no life, and have no 
bearing on ours. And the whole of this system, our 
sun and its planets, is, it appears, infinitely insignificant 
in the universe of matter. In every direction in space 
blaze countless millions of other suns, apparently with- 
out any reference whatever to our existence. Can we 
believe that this state of affairs always existed ? If not, 
how did it come about ? 


It is probable that man has to reach a certain level 
109 
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of ease and culture before he can ask even this question 
seriously. For we cannot believe that the primitive 
cosmogonies, which asserted such things as that God 
took the sun, moon and stars out of a box and hung 
them up, were intended as serious answers to a serious 
question. Some primitive peoples, however, took the 
question a little more seriously, but not seriously 
enough to warrant any detailed examination of their 
theories. 

The Greeks, however, elaborated a point of view 
which, with suitable modifications of detail, would still 
be held as a representative opinion. Plato says: 


‘ The philosophers say that fire and water and earth 
and air all exist by nature and chance and none of 
them by art, and that the bodies which come next in 
order—the earth, sun, moon, and stars—have been 
created by means of these absolutely inanimate 
existences. The various elements are moved by 
chance and also by inherent forces according to cer- 
tain affinities amongst them—of hot with cold, dry 
with moist, soft with hard, and according to all the 
other accidental mixtures of opposites which have of 
necessity happened. After this fashion has been 
created the whole of heaven and all that is therein, as 
well as all animals and plants and all the seasons. 
These come from these elements, not by any action of 
mind or of any God, or from art, but by nature and 
chance only.’ 


This theory, that everything has come about by 
chance through the random action of ‘ laws of nature,’ 
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is probably still the most widely held theory amongst 
educated people. For many centuries, in Europe, this 
theory was opposed by the. doctrine of special creation 
as taught in Genesis. Through the labours of modern 
scholars, however, the real meanings of the statements 
in Genesis have become so elusive that it would be 
difficult now to say precisely what the doctrine of special 
creation, as taught there, really is. 

The first really scientific attempt to answer the 
question of the origin of things was published in 1'796 
by the French mathematician, Laplace. This was the 
famous Nebular Hypothesis. Its main idea had already 
been put forward by Kant, but, owing to insufficient 
mathematical knowledge, his treatment of it was very 
faulty. Laplace assumed, to begin with, a huge mass 
of hot gas in a state of rotation. This assumption is 
not perfectly gratuitous, for the existence of such 
bodies is suggested by telescopic observation. As this 
mass of gas cooled it would contract and rotate faster. 
It would also assume a flattened form. There would 
come a stage in this process when the outermost ring 
of this flattened body would become detached from the 
main mass. This would happen when the centrifugal 
force of the outer rotating particles was just sufficient 
to balance the gravitational attraction drawing them 
towards the centre. The outermost ring, detached in 
this way, would, Laplace thought, condense and form a 
planet. The main mass would continue to contract 
and to increase its rate of rotation until a second ring 


112 LIMITATIONS OF SCIENCE 


was left behind, and then a third ring, and so on. Each 
of these would condense to form a planet. The remain- 
ing central mass is the sun. The planets, by rotating 
on their axes, would also throw off rings which, con- 
densing in their turn, form the satellites. 

Although this theory enjoyed an immense popu- 
larity with scientific men for many years, modern mathe- 
matical research shows; pretty conclusively, that it 
cannot possibly be true. It appears that the scale is 
altogether too small. A setating mass of gas, only 
large enough to supply the matter of the solar system, 
could not throw off planets. The rings that Laplace 
imagines being thrown off would not, as a matter of 
fact, condense. The mutual gravitational attraction of 
their particles would not be strong enough to prevail 
against the tendency of these particles to fly apart. 
Such rings of gas would merely dissipate themselves 
through space. They could not condense unless the 
primitive nebula was millions of times bigger than the 
nebula imagined by Laplace. 

There is evidence for the existence of such nebulae. 
They are the ‘ spiral nebulae,’ of which many millions 
are known to exist. Photographs of these bodies show 
them in all stages of development, and we see that they 
are passing through a process very like that imagined 
by Laplace. The process is not exactly the same, for, 
instead of throwing off circular rings, these great nebulae 
throw out spiral arms. Along the spiral arms there 
occur points of condensation. But each of these points 
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results, not in a body the size of a planet, but in a body 
the size of a star. Laplace’s Nebular Hypothesis, if 
applied on a scale sufficiently large to make it mathe- 
matically possible, results, not in the birth of planets, 
but in the birth of stars. As a theory of the birth of 
stellar universes it is pretty generally accepted. The 
change in the scale of the original theory is, we see, 
gigantic. A spiral nebula contains, on the average, 
enough material to make several thousand million stars. 
For such bodies Laplace’s theory is applicable. It does 
nothing to explain the origin of the solar system. 

The theory which seems to be, on the whole, the best 
attested, supposes that the solar system resulted from 
a very rare accident. It is supposed that the planets 
were torn out of the sun by the close approach of a 
passing star. If the star were sufficiently massive 
and its approach sufficiently close, huge tides would be 
raised on the sun, and ultimately a colossal cigar-shaped 
filament would be torn out of it. Centres of conden- 
sation would be set up in this filament, and each of 
these centres would separate off as a planet. 

The evidence for this theory is quite good. In the 
first place the cigar-shaped filament, thickest in the 
middle, corresponds pretty well with the observed sizes 
of the planets. For if we imagine the planets lying in 
a straight line from the sun, in the order of their dis- 
tances, the largest planets, Jupiter and Saturn, occur 
about the middle of this line. In either direction from 
the middle, towards or away from the sun, the planets 
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tail off in size—approximately, at any rate. They 
would fit fairly well into a cigar-shaped filament. At 
first the orbits of the planets would be very elliptical, 
not nearly circular, as they are now. And in the 
course of describing these elongated ellipses they would, 
at some period, pass very close to the sun. If they 
were still in a sufficiently plastic condition the sun 
would act on them as the passing star had acted on 
the sun, and pull filaments out of them. These fila- 
ments would condense and so give rise to the satellites. 

This theory may be pursued, quite convincingly, into 
details. Thus it is a curious fact that the two largest 
planets, Jupiter and Saturn, each have nine compara- 
tively small satellites, while the earth and Neptune 
each have one comparatively large satellite. This may 
be explained by taking into account the different rates 
of cooling of these differently sized bodies. The mathe- 
matical theory shows that the more liquid a planet was 
at birth the less likely it would be to break up under 
the gravitational attraction of the sun. But, if it did 
break up, it would give birth to a comparatively large 
satellite. Now it is natural to suppose that the large 
planets, Jupiter and Saturn, remained gaseous longer 
than Neptune or the earth, and therefore each pro- 
duced several small planets instead of one large one. 
Still smaller planets, Venus and Mercury, have no 
satellites at all. 

An apparent -difficulty arises with the other two 
planets. Both Mars and Uranus are something of a 
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misfit in the cigar, being smaller than they should be. 
And they each have small satellites, Uranus having 
four, and Mars two. But this may be explained by 
supposing that they were the smallest planets to be 
born in the gaseous state, that their condensing power 
was therefore less, and that they therefore lost some 
of their material by dissipation. Thus the theory 
hangs together very well, without any undue straining 
of the interpretation. 

The theory also explains the fact that the planetary 
orbits are now nearly circular. At the beginning, as 
we have seen, they were very far from circular. But 
we may suppose that, in the catastrophic break-up of 
the sun, a great deal of dusty, gaseous matter would 
be scattered throughout the surrounding space. The 
planets, in moving through this dust, would be moving 
through a resisting medium, and it can be shown that 
the effect of this would be to make their orbits gradu- 
ally approach the circular form. Indeed, the present 
departure of the planetary orbits from the strictly 
circular form enables the time that has elapsed since 
the break-up of the sun to be approximately calculated. 
The calculation is very approximate, however, owing 
to our lack of knowledge of the distribution of the 
primitive dust, and only allows us to say that the break- 
up occurred some time between one thousand million 
and ten thousand million years ago. Much closer 
limits can be reached by other methods, as we shall 


see later. 
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§2 


A probable figure for the age of the earth, in round 
numbers, is two thousand million years. For practi- 
cally the whole of that time the earth has been mainly 
solid. It has been calculated that the earth must have 
solidified within fifteen thousand years of its birth. 
This is a very small fraction of its life. And ever since 
the solidification occurred the temperature of the surface 
of the earth has remained practically the same as it 
is now. For it can be shown that heat from the interior 
could percolate only very slowly through the crust. 
By far the greater part of the heat came from the sun, 
and the sun’s radiating power must have been very 
much the same then as it is now. 

At first the solid rocks composing the crust would, 
of course, have been only a little below their boiling 
point, since they had only just cooled down enough to 
solidify. As they continued to cool they would contract 
violently, and enormous fractures would occur. Having 
reached their present temperature, the rocks, as we have 
seen, would not get any cooler. But the inside of the 
earth would go on cooling and contracting until finally 
the outer crust would be left suspended, like a huge 
arch, without any material to rest on. There would 
come a time when the crust could no longer stand the 
strain, and it would collapse. Having settled down in 
its new position, the process would begin again, and 
after a time the crust would again collapse. It is thought 
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that six or seven of these great crumblings can be traced 
in the earth’s history. In this way, it is claimed, the 
existence of mountains on the earth’s surface can be 
accounted for. ‘There are other theories of mountain 
formation, but none, perhaps, so satisfactory as this. 

But although this theory can account for the existence 
of mountains, it cannot account so satisfactorily for 
some other features of the earth’s surface. In particular, 
it does not account for the distribution of earth and 
water. The great difficulty is the Pacific Ocean, which 
covers half the earth’s surface. Why should all the land 
be crowded into one hemisphere of the earth? One 
theory suggests that the Pacific Ocean covers the 
depression left in the earth when the moon was torn 
out of it. But this supposes that the earth had solidi- 
fied at the time the moon was born, and mathematical 
calculation seems to show that the moon could not have 
been born from a solid earth. The disruptive force of 
the gaseous sun would not have been sufficient, however 
close to it the earth may have passed. If, on the other 
hand, we suppose the earth to have been liquid, then 
obviously the separation of the moon from it could not 
have caused a depression, since the fluid would at once 
fill it up. 

Another theory suggests that the great depression of 
the Pacific Ocean may have been scooped out by the 
primitive tides. We must remember that the moon only 
gradually moved away to its present distance from the 
earth. Now the nearer the moon is to the earth the 
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greater is its tide-raising capacity. It can be calculated 
that, in those early days, the moon was raising tides 
nearly three miles high. Supposing that there already 
existed some difference of level between the northern 
and the southern hemispheres, these tides would tend 
to increase that difference. For water flows with more 
rapidity in an already deep place, and so tends to 
deepen it further. But this theory, like some others 
that have been proposed, is not much more, at present, 
than a speculation. 

The age of the earth, since it solidified, can be deter- 
mined with fair accuracy by a number of different 
methods. The best method is a result of the discovery 
of the radio-active elements. Uranium is such an 
element. It gradually transforms itself, at a perfectly 
definite rate, into lead. The rate of this transformation, 
it is found, is not altered by any extremes of tempera- 
ture or pressure to which we can subject it. We are 
justified in’ regarding this rate as invariable. Frag- 
ments of uranium are found in certain rocks, and have 
doubtless formed part of those rocks since they first 
solidified. Together with the uranium we find lead. 
Now we cannot at once conclude, of course, that all the 
lead we find in the presence of uranium has been pro- 
duced by the disintegration of uranium. But it so 
happens that lead produced from uranium is somewhat 
lighter than ordinary lead. It is possible to say, there- 
fore, of any piece of lead, whether or not it has been 
produced by uranium disintegration. From this we 
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can calculate how long the uranium present in that 
rock has been disintegrating, and since the uranium has 
been present in the rock ever since the rock solidified, 
we learn the age of the solid rock. Estimates of this 
kind tell us that the rocks cannot have solidified less 
than fourteen hundred million years ago. These esti- 
mates are based upon the contents of the oldest rocks 
known to us. It may be, therefore, that the earth is 
still older than this. Other considerations, however, 
make it unlikely that the earth could have been, say, 
twice or three times as old as this. A good round 
figure for its age, as we have already said, is two 
thousand million years. This figure also agrees very 
well with geological estimates. 


§ 3 


The subsequent history of our earth is the chief 
concern of geology. It is strange that the science of 
geology is of such recent growth. The existence of 
various kinds of material—chalk, limestone, clay, etc.— 
arranged in layers one on top of the other, would have 
suggested, one thinks, that the top layers were formed 
after the lower ones. But it is usually supposed that 
this reflection was left for William Smith to make, an 
English surveyor, who roamed about England at the 
end of the eighteenth century, constructing canals. It 
had, however, occurred to people before him, and James 


Hutton had already published his Theory of the Earth, 
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in which he ascribes the different layers to a quiet 
orderly deposit over a long period, and not as due to 
one single catastrophic flood—the Deluge. But William 
Smith was the first to publish a coloured geological 
map and to discuss, in a satisfactory way, the distribution 
of fossils through the various geological layers. 

The existence of fossils had long been known. We 
know now that fossils are the actual remains of animals 
or plants that have been buried by natural causes (even 
the cast of a fossil shell, that is, the impression it has 
left on the rock, is called a fossil), but for a long time 
they were supposed to be curious ‘ sports’ of nature. 
The fossil of a marine organism, for instance, found high 
up on a hill was, with the early notions of the creation 
of the world, a difficult thing to interpret. In the early 
part of the sixteenth century fossils were supposed by 
some Italians to have been formed in the hills by the 
action of the stars, a view which, prior to 1579, Leonardo 
da Vinci combated. Then the hypothesis arose of a 
plastic force or, according to Andrea Mattioli, a fatty 
matter capable of fashioning stones into organic forms. 
But the hypothesis which held its place longer than any 
other, and is not yet extinct among the unscientific, is 
that they were relics of the Mosaic deluge. 

But William Smith showed that certain geological 
layers have each their characteristic series of fossils. 
Some of these fossils are like species now living. Others 
are perceptibly different. Smith showed that some 
members of a series are wont to occur also in the layer 
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above, others in the layer below, others in all three. 
This persistence shows that changes in these particular 
animals and plants, at any rate, could not have been 
sudden. Smith also noticed that the farther back we 
go, the more do the fossils differ from forms now living, 
until presently we come to layers where all the species 
are extinct, and differ markedly from anything living 
now. Going still farther back we meet still other 
extinct forms, so that by the time we reach the lowest 
layers many dozens of extinct animals and plants have 
been encountered, all merging gradually into those 
above and below. Deeper still we find the fossils 
becoming exceedingly rare, and finally we reach a depth 
where they seem to be entirely absent. 

These facts, in themselves, very strongly suggest a 
progress in time, and the early geologists, Hutton and 
Lyell, showed that small physical changes, operating 
through long periods of time, could account for the for- 
mation of the different geological layers. In Dr. Watts’ 
words : 

‘Their work showed that physical processes, 
similar to those which can be studied in operation 
in different parts of the world of the present, are 
sufficient to account for the nature of the rocks of 
the past and the phenomena presented by them ; that 
rocks of all kinds are being worn down at slow but 
reasonable rates by rain, rivers, and the sea; that 
the debris is being transported and laid down layer 
by layer in lakes or on the sea-bed; that this sedi- 
ment is being compacted into stony rock, lifted to 
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form new land, deformed to produce the structures 
presented by the rocks themselves and by their 
aggregates in mountain systems, sculptured and given 
the relief of land surfaces, cut down or depressed 
beneath the sea to receive a new load of sediment ; 
that continents, too, may have been built and moun- 
tain ranges erected without any violent catastrophe, 
comparable in any degree with the magnitude of the 
earth as a whole, but as the outcome of slow and con- 
tinually renewed movements, each on a comparatively 
small scale; and that all this has proceeded without 
any disturbing effect on life such as was contemplated 
by the catastrophists, though it must necessarily have 
had its influence on the details of that life, and in 
providing or withholding facilities for its migration : 
that, in brief, the rocks which bear the record of the 
history of the earth are the product of an infinity of 
small causes operating through a vast range of time.’ 


On the assumption that the geological layers have 
been gradually formed by processes such as are operating 
at the present day, it is possible to estimate, approxi- 
mately, the time that has elapsed since the first rocks 
began to be formed. The maximum observed thick- 
nesses of the various geological layers total 529,000 
feet, a little over one hundred miles. The rates of 
deposition observed at the present day vary consider- 
ably according to the local conditions. Thus the rate 
for Great Britain may be taken as one foot in three 
thousand years, while for North America the rate is 
nearly three times as slow. On the other hand, Egyptian 
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deposits occur at the rapid rate of one foot every four 
or five hundred years. If we wish to get the same round 
figure of two thousand million years for the age of the 
earth that other methods have given us, we must assume 
that the geological layers have been deposited, on the 
average, at the rate of one foot per four thousand 
years. As we see by looking at the present figures for 
Great Britain and North America, this is not at all an 
unreasonable figure. Thus we may say that the age 
of the earth, obtained from purely geological con- 
siderations, is fully consonant with the estimates derived 
from entirely different sources and is, to that extent, 
a confirmation of the theories of the geologists. 

We sec that the geological evidence is that the earth’s 
crust has, in the main, been formed in an _ orderly 
manner, and not by a succession of catastrophes. We 
have the same impression when we study the fossils 
contained in these layers. We have abundant evidence 
of a slow and orderly progression of animal and plant 
forms. The highest animals, for instance, the mammals, 
exist only in the newer rocks. Lower down we find 
reptiles and birds. Preceding these are amphibians, 
and preceding the amphibians are fishes. Beneath the 
fishes lies a vast thickness of rock containing only 
invertebrate animals. A similar progress is observed in 
the case of plants. There can be no question but that 
the more complex animals appeared on the earth later 
than the simpler ones, and it suggests itself that a 
process of evolution has been at work, whereby the 
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simpler creatures have gradually given rise to the more 
complex. A detailed study of the geological records 
ought to show us all the steps of this process, and 
acquaint us with all the forms that living things have 
assumed. 

But the difficulties attending the detailed examination 
are considerable. <A large proportion of organisms will 
not be buried in conditions favourable for their preser- 
vation. Many of the bodies washed out to sea, for 
example, will be devoured by other creatures, and only 
their hard coverings would be likely to be preserved. 
Even when these are preserved the influence of per- 
colating water may dissolve them, or they may be des- 
troyed by chemical and mechanical changes in the rocks 
themselves. Furthermore, layers which once formed 
part of the sea-bed may be raised above sea-level, and 
then the exposed portion is exposed to all the crumbling 
effects of weathering, so that it and its fossil contents 
are gradually dispersed. We must remember, also, 
that only a fraction of the earth’s surface is exposed 
to observation in cliffs and quarries, etc., and that 
many of these exposed portions occur in countries not 
yet adequately investigated. It is possible, also, that 
some of the exposed portions have not been quarried 
in a way favourable to the exhibition of their fossil 
contents and, even where the contents are exposed, they 
often pass in the first instance through unskilled hands, 
and so are mangled and distorted by the time they 
reach those who could have interpreted their evidence. 
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We see, therefore, that it would be unreasonable to 
expect geology to provide us with a perfectly clear and 
detailed account of the development of living forms. 
Nevertheless, considering the necessary imperfections of 
the geological record, the amount of evidence it offers 
is quite surprising. This evidence makes it practically 
impossible to believe that all the various species of 
animals and plants have been separate creations. We 
are forced to conclude that species have been modified 
in the course of time, that they are not fixed, and that, 
on the whole, progress has been from the more simple 
to the more complex. 

The general outlook that alone seems consistent with 
the facts is admirably put by Darwin when he says : 


‘If we admit that the geological record is imperfect 
in an extreme degree, then such facts as the record 
gives, support the theory of descent with modification. 
New species have come on the stage slowly and at 
successive intervals; and the amount of change, 
after equal intervals of time, is widely different in 
different groups. ‘The extinction of species and of 
whole groups of species reappear when the chain of 
ordinary generation has once been broken. The 
gradual diffusion of dominant forms, with the slow 
modification of their descendants, causes the forms 
of life, after long intervals of time, to appear as if 
they had changed simultaneously throughout the 
world. The fact of the fossil remains of each forma- 
tion being in some degree intermediate in character 
between the fossils in the formations above and 
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below, is simply explained by their intermediate 
position in the chain of descent. The grand fact 
that all extinct organic beings either belong to the 
same system with recent beings, falling either into the 
same or into intermediate groups, follows from the 
living and the extinct being the offspring of common 
parents.’ 


We are forced to very much the same reflections when 
we study the geographical distribution of animals and 
plants, as Darwin goes on to say: 


* Looking to geographical distribution, if we admit 
that there has been during the long course of ages 
much migration from one part of the world to another, 
owing to former climatical and geographical changes 
and to many occasional and unknown means of dis- 
persal, then we can understand, on the theory of 
descent with modification, most of the great leading 
facts in Distribution. We can see why there should be 
so striking a parallelism in the distribution of organic 
beings throughout space, and in their geological suc- 
cession throughout time ; for in both cases the beings 
have been connected by the bond of ordinary genera- 
tion, and the means of modification have been the 
same. We see the full meaning of the wonderful fact, 
which must have struck every traveller, namely, that 
on the same continent, under heat and cold, on 
mountain and lowland, on deserts and marshes, most 
of the inhabitants within each great class are plainly 
related ; for they will generally be descendants of 
the same progenitors and early colonists. On this 
same principle, although two areas may present the 
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same physical conditions of life, we need feel no 
surprise at their inhabitants being widely different, 
if they have been for a long period completely separ- 
ated from each other ; for as the relation of organism 
to organism is the most important of all relations, and 
as the two areas will have received colonists from 
some third course or from each other, at various 
periods and in different proportions, the course of 
modification in the two areas will inevitably be 
different.” 

The evidence scattered both through time and space 
leads us to believe that species are not fixed. It is 
interesting, in this connection, to note that the definition 
of a species has always been a difficult matter. Author- 
ities often disagree as to whether two given creatures 
belong to the same or to different species. 

Lamarck, who was the first to make the question of 
the constancy of species a matter of general scientific 
discussion, believed that there is a * natural sequence ’ 
for living organisms, and that, if we knew all the species 
that exist and that ever have existed, we should be able 
to form them into a sort of long ladder or chain so that, 
starting at the beginning, we would arrive, by a series 
of almost imperceptible steps, at the end. Lamarck 
held that all our schemes of classification of animals 
into distinct species are artificial, and this conviction 
led him to the idea that species sre essentially fluid. 
He pointed out that domesticated animals differ very 
markedly from their wild originals, and that man, by 
selective breeding from a common ancestor, has pro- 
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duced extraordinary variations, as, for instance, the 
greyhound, the spaniel, the bull-dog. Everybody would 
say, judging merely from their appearance, that these 
animals belonged to different species, yet they have a 
common ancestor. Changes just as remarkable, said 
Lamarck, are constantly taking place in nature. 


§ 4 


Lamarck’s theory of evolution, although at one time 
pretty generally discredited, has now been revived by 
a number of prominent biologists. According to Lamarck 
changes in an animal occur through use and disuse. 
Organs which are specially exercised become specially 
developed. ‘The need for this special exercise arises 
from the conditions in which the animal lives; thus a 
changing environment, by making different demands on 
an animal, changes the animal. The giraffe, for instance, 
has developed its long neck in periods of relative scarcity 
by endeavouring to browse on higher and higher branches 
of trees. On the other hand, organs that are never 
exercised tend to disappear altogether. The eyes of 
animals that have taken to living in the dark grow 
smaller and smaller, generation after generation, until 
the late descendants are born eyeless 

The great. assumption made by this theory is that the 
effects of personal, individual effort are transmitted to 
the offspring of that individual. This is a doctrine that 
is very much in dispute among modern biologists. We 
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shall refer to this controversy later. In the meantime 
we must describe the most famous of all biological 
theories, the theory which, whatever its present posi- 
tion may be, has, by the attention it has directed to the 
matter, caused the fact of evolution to be accepted by 
all biologists. That theory is Darwin’s theory of Natural 
Selection. 

We must first mention an apparently unrelated 
historical fact. At the end of the eighteenth century 
political theories were common subjects of discussion. 
The American Declaration of Independence and the 
manifestoes of the French Revolution made such topics 
as the ‘ Rights of Man,’ ‘ Natural Justice,’ etc., matters 
of general interest. Many philosophers taught that the 
day of complete liberty and complete equality for all 
men was about to dawn. The Rev. T. R. Malthus, 
mathematician and economist, reflected that this state 
of affairs would lead to a vast over-population of the 
world. In such a world population would rapidly out 
grow the means of subsistence, and therefore, he argued, 
checks on population would be necessary if misery and 
vice were to be avoided. He expressed these ideas in a 
book called Essay on Population. This essay was read, 
years later, by two biologists, Darwin and Wallace, 
and it started the same train of thought in each of 
them. 

Let us start from some simple arithmetical facts. 
‘The common thrush,’ Professor MacBride tells us, 
‘ begins to produce eggs when it is one year old, and its 
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average length of life is about ten years. Every year 
a pair of thrushes will rear two broods, each consisting 
of about four nestlings. Starting from the offspring of 
a single pair we find that if all survived and mated, at 
the end of the tenth year, that is, at the completion of 
the life cycle of the parents, they would have produced 
a population of 19} million. These in another ten years 
would grow to nearly 200 million million, and at the 
end of thirty years to about 1200 million million million. 
There would not be room for more than the one hundred 
and fifty-thousandth part of such an army of thrushes 
on the entire surface of the earth even if all stood side 
by side touching each other.” Since, in fact, thrushes 
take up a very small part of the earth’s surface, although 
they have been breeding for much more than thirty 
years, it is obvious that only a very small proportion 
of those born can survive and reproduce their kind. 
Similar remarks apply to innumerable other species of 
animals. Herrings, for instance, if allowed to prolifer- 
ate undisturbed, would speedily choke up all the seas 
of the world. Darwin and Wallace were, of course, 
familiar with these facts, and it occurred to them that 
here we have Malthus’ over-population problem in an 
exaggerated form. Malthus advocated ‘ checks’ to 
keep the population down. It is obvious that nature 
must apply checks of the most stringent kind. Of what 
nature are these checks ? 

They are varied, but the main ones are obvious when 
we reflect that the organism, whether plant or animal, 
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must obtain food and avoid enemies. The success of 
the organism in doing this will in some cases be due to 
luck. We know that some seed falls on good ground, 
and some on stony ground. A falling slate from a roof 
may knock out the brains of a Newton as well as those 
of a cinema star. But such accidents do nothing to 
vary a species. The most they could do would be to 
exterminate it. But those individuals of a_ species 
which possessed some mental or physical advantages 
over their fellows, who were better adapted to the 
common environment, would, in the ordinary struggle 
for existence, and apart from sheer bad luck, have 
a greater chance of surviving and reproducing their 
kind. And if these advantages were of a_ kind 
that are inheritable, the species would tend to 
change. 

That, briefly, is the simple idea of Natural Selection. 
Innumerable instances can be given. Thus it has often 
been recorded that lions, in attacking a herd of zebra 
or antelopes, invariably choose the weaker quarry. In 
general, as we should expect, strength and fleetness are 
advantages in the struggle for existence. This is so 
evidently what we would expect that it is hardly neces- 
sary to give instances of it. And we can easily see that 
there are many other characteristics, a greater or lesser 
measure of which would give their possessors a better 
chance of surviving. 

The theory of Natural Selection thus rests upon two 
main facts, (1) that there are individual differences 
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between members of the same species, and (2) that there 
is a struggle for existence. Each of these facts is incon- 
trovertible. Offspring and parents are never exactly 
alike, a fact which makes selective breeding possible. 
And it is astonishing the varieties that selective breed- 
ing can produce, if continued over a long time, from 
small and haphazard differences. The amazingly various 
pigeons, for example, the pouter, the tumbler, and so 
on, are all descended from the ordinary rock pigeon. 
These varieties have been deliberately brought about 
by the breeder, who selects the points for which he will 
breed. He carefully mates those pigeons which have a 
variation in the required direction. The theory of 
Natural Selection states that a similar process occurs 
in nature. The struggle for existence takes the place 
of the human breeder. Nature sets a premium upon 
certain varieties as compared with others. Variations 
are continually occurring in all directions, as it were, 
and at random. Nature weeds out those that are 
unfavourable, and thus, little by little, a particular 
variation is established. It is supposed that in this way, 
given the vast periods of geologic time, every living and 
extinct species of animal and plant has been produced 
from some primitive form. 

In this theory the origin of variations is left an un- 
solved problem. The theory merely states that they 
occur ; it gives no reason for their occurrence. Further, 
Darwin, at any rate, assumed that the variations are 
always smal], of the kind that we observe in daily experi- 
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ence. He also assumed that many of these variations 
occur entirely at random. But he alsosupposed that some 
of them come about through the purposive striving of 
the animal. He accepted, at any rate as a subsidiary 
factor, Lamarck’s theory that the effects of use and 
disuse of organs can produce modifications which are 
inheritable. | 

The modern theory, what is called Neo-Darwinism, 
has been purified of certain of these assumptions. ‘The 
notion that the effects of use and disuse can be inherited 
was attacked by Weismann. He pointed out that the 
reproductive cell of an organism is derived solely from 
the reproductive cell of its parent. None of its char- 
acteristics depend upon the rest of the parent’s body. 
The germ-plasm, as he called the substance of the 
reproductive cell, passes without breach of continuity 
from generation to generation. The various bodies 
which contain it, in its passage down the ages, are mere 
vehicles or sheaths for it. Nothing that happens to 
any particular body in this chain is transmitted to any 
subsequent body, unless the happening is of such a 
kind as to influence the germ-plasm. Weismann cut the 
tails off generation after generation of mice, but the 
subsequent generations of mice were all born with tails, 
and the tails showed no tendency to get shorter. It 
appears that the cutting-off of a tail does not influence 
the germ-plasm. Mutilations, at any rate, are not 
inheritable. That section of the human race that 
practises circumcision finds that the practice must be 
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continued in every generation. There is no tendency 
for the effect to become inheritable. 

More recent experiments have avoided the method 
of mutilation, and have studied the effect upon the 
organism of varying the environment in such ways as 
may be expected to occur in nature. Changes in the 
organism can be brought about in this way, but it is 
still a matter of controversy as to whether such 
changes are inheritable. The reader who is con- 
cerned to accept only the definitely established con- 
clusions of science must regard the question of the 
inheritance of acquired characteristics as being still 
open. 

It may be pointed out, incidentally, that Neo- 
Darwinism, by denying that the purposive striving of 
the organism has any influence on its evolution, makes 
the whole of evolution a mindless process. That is, so 
far as the mind incorporated in living organisms is 
concerned. It is still possible to hold, of course, that 
a Mind, a Designer, is controlling the course of evolution, 
but the means employed seem to be purely mechanical. 
Inheritable variations occur quite independently of any 
purpose or striving on the part of the organism. It is in 
this sense that variations are said to occur ‘ at random.’ 
It may be, nevertheless, that a detailed study of the way 
variations come about will reveal * purpose,’ although this 
purpose is not expressible in terms of the personal ambi- 
tions of the organism. 


THE SCIENTIFIC ACCOUNT OF ORIGINS 135 


§ 5 


The mechanism of heredity, about which a good deal 
is now known, was first illuminated by the researches 
of the Abbé Mendel. These researches were neglected 
for about half a century and were then encountered, 
almost simultaneously, by three independent biologists. 
To the student accustomed to the atmosphere of the 
‘ exact ° sciences these researches, and the developments 
that have grown out of them, are quite unusually con- 
genial. We here move in the clear and pleasant atmo- 
sphere of precise quantitative results and we have, 
underlying them, a theory at least as clear as the atomic 
theory in its early stages and one which, besides account- 
ing for the known facts, leads to successful prediction. 
So much of biology, or at least of ‘ natural history,’ 
presents us with an array of facts rather than gratifies 
our desire for comprehension. This is due, of course, 
to the sheer complexity of the subject and to the diffi- 
culty of isolating appropriate leading concepts. But 
in the matter of heredity good working concepts have 
been found. They give no ultimate explanation, of 
course, any more than the atomic theory gave an ulti- 
mate explanation of the constitution of matter. And, 
in fact, the Mendelian theory is not unlike the atomic 
theory. The Mendelian theory asserts that inheritable 
characteristics are transmitted by discrete units. These 
units, from two parents, may exist side by side in the 
offspring, but they do not blend. We see at once that 
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the laws of transmittance must be entirely different 
from what would occur in true blending. 

Let us consider, for example, a flower which exists 
in two varieties, red and white. The result of crossing 
these two varieties is to produce a pink flower. If 
these pink flowers are now bred between themselves, 
they do not produce, exclusively, pink flowers. They 
produce pink flowers, white flowers, and red flowers. 
We get the clue to the mechanism by which this occurs 
by studying the proportions in which these various 
colours are produced. In any large number we shall 
find that half the flowers are pink, a quarter red, and 
a quarter white. 

The mechanism that would produce these results 
is very simple. Let us suppose, for example, that each 
flower, whatever its colour, contains two units of some 
kind which determines its colour. When two flowers 
are bred together the offspring selects one unit from 
each parent. White flowers have two white-producing 
units. Red flowers have two red-producing units. 
When a white and a red flower are crossed the offspring, 
which must take one unit from each parent, necessarily 
contains one red and one white unit. It is therefore 
a pink flower, and the crossing of a white and a red 
flower obviously can produce nothing but a pink flower. 
But now consider the result of breeding two pink 
flowers. Each flower contains a red and a white unit. 
The offspring may select a white from one and a white 
from the other. It will then be a white flower. Or it 
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is just as likely to select a red from one and a red from 
the other. It will then be a red flower. Since each of 
these cases is equally likely we should expect to find 
as many white offspring as red offspring. But off- 
spring containing one red and one white unit will occur 
just twice as often as either of the preceding cases. 
For the chance of selecting red-red is the same as the 
chance of selecting red-white. There will thus be a 
pink corresponding to every red. And the chance of 
selecting white-white is the same as the chance of 
selecting white-red. ‘Thus there will be as many pinks 
as whites, for both red-white and white-red give pink. 
So we see that there will be twice as many pinks as there 
are either reds or whites. That is to say, one-half the 
progeny will be pink, and the other half will be split 
up equally into reds and whites. This agrees with the 
experimental evidence. 

We see that these laws of inheritance are very different 
from those of pure blending. If, for instance, we cross 
a pink with a red we should expect, on the theory of 
pure blending, that the offspring would be a darker 
shade of pink. But on the present theory we see that 
each offspring must be like one or other of the parents, 
either an ordinary red or an ordinary pink. For the two 
units selected by the offspring must be either red-red 
or red-white. No other combination is possible. Simi- 
larly, the result of a cross between a pink and a white 
must be either a white or a pink. 

The units we have discussed hitherto are supposed 
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to be of equal strength, as it were. A red unit and a 
white unit are equally matched, with the result that, 
when they are both present, the product is pink. But 
there are many observed results that cannot be explained 
by this simple hypothesis. We have to introduce units 
which are dominant and units which are recessive. An 
organism which contains a dominant unit and a recessive 
unit will not manifest intermediate characteristics. It 
will only manifest the characteristics belonging to the 
dominant unit. If, in our previous example, red had 
been dominant and white recessive, then the results 
of a cross would all have been red. Each of the offspring 
would contain one red and one white unit, but in each 
case the white would have been overpowered, as it were, 
by the red. But if we breed from this new generation 
of reds we shall get both reds and whites as offspring. 
For since each parent contains a red and a white unit 
the offspring may select a white unit from each parent. 
The offspring will then, of course, be white. All the 
other offspring will be red, but some of them will be 
true reds, that is red-red, while the others will have 
the same units as our previous pinks, that is, red- 
white. 

It was by studying the effects of units of this kind 
that Mendel was led to his theory. He experimented 
with two varieties of peas, Tall and Dwarf. ‘ Tall’ is 
a characteristic which is dominant to Dwarf. The 
result of the cross was to produce Tall peas, but these, 
when bred together, produced Dwarfs as well as Talls. 
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And of the Talls produced, some turned out to be true 
Talls and the others hybrid Talls. 

We see that a recessive unit is a sort of lurking char- 
acteristic. Only when combined with another recessive 
unit can it manifest itself. It is stated, for instance, 
that, in the eyes of human beings, brown is dominant to 
blue. Thus a brown-eyed couple may give birth to a 
blue-eyed child. For it may be that neither parent is 
truly brown ; each of them may be brown-blue. So that 
the child may select the blue unit from each parent. 
But it is evident that blue-eyed parents cannot give 
birth to a brown-eyed child. For blue eyes cannot 
exist unless they are blue-blue, unless they are blue all 
through, as it were. Thus there can be no brown units 
for the child to select. According to some authorities 
there are certain human abnormalities, some kinds of 
insanity and deaf-mutism, which are produced by 
recessive units. Thus it can happen that two normal 
people can produce an idiot child. 

So far we have, in any particular case, dealt with 
only one characteristic, colour, height, and so on. But 
any organism has, of course, many characteristics. Each 
of these characteristics obeys Mendel’s laws, and they 
are inherited independently of one another. Thus the 
possible combinations that can result from crossing, 
when we take into account several characteristics, can 
be very numerous. 

The physical basis of these laws has been discovered. 
It has long been known that every living thing is built 


140 LIMITATIONS OF SCIENCE 


up out of ‘ cells,’ and each cell contains a number of 
microscopic bodies called chromosomes. The cells of 
each species of organism contain their own distinctive 
set of chromosomes. A cell of the human body, for 
example, contains forty-eight chromosomes. For some 
creatures there are only two chromosomes, for others 
some hundreds. And chromosomes differ in size and 
shape. 

Cells grow by division. A cell splits in half and 
becomes two cells. This process is accompanied by a 
number of very complicated internal phenomena, but 
the upshot of it, from our present point of view, is that 
each daughter cell emerges with the same chromosome 
outfit that was possessed by the original cell. This is 
secured by the fact that each chromosome, while the 
original cell is dividing, splits in half along its length, 
one half going to one daughter cell and the other half 
to the other. An exception occurs when the reproductive 
cells are being made. In that case the chromosomes of 
the original cell do not split in half, but half the total 
number goes to one daughter cell and half to the other. 
Thus the human ovum and the human spermatozoon 
each contains twenty-four chromosomes. When the 
ovum is fertilized the spermatozoon adds to it its own 
stock of chromosomes, and thus the fertilized cell con- 
tains its proper outfit of forty-eight chromosomes, half 
being derived from the female and half from the male. 
This is the mechanism of heredity. | 

In speaking of the ‘ mechanism” of heredity we are 
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using a term that is commonly employed by biologists. 
One must not conclude, however, that any mechanical 
explanation of these phenomena has been given. As a 
matter of fact, a mechanical explanation has not been even 
remotely approached, and some biologists believe that 
such an explanation is impossible. These biologists main- 
tain that the sciences of life must use concepts peculiar 
to themselves, and that the concepts found adequate 
for physics and chemistry are inadequate for the pheno- 
mena of life. There has always, of course, been a school 
of biologists who hold that life cannot be explained on 
mechanical principles. Amongst them we must reckon 
the vitalists who asserted that a vital force, besides the 
forces known to physics and chemistry, played a part 
in living phenomena. Vitalism is now discredited, how- 
ever, but it does not follow that mechanics will be 
found sufficient. It is the less likely in view of the 
fact that mechanics has been found insufficient even 
in physics itself. A really adequate group of concepts, 
applicable to biological phenomena, has not yet been 
isolated. 

Chromosomes are not simple bodies. Each chromo- 
some is supposed to contain a chain of still smaller 
bodies, called genes, and these genes are the real units 
of heredity. Experiment, in particular the famous 
series of experiments carried out by Professor Morgan 
and his school on the fruit-fly Drosophila melanogaster, 
seem to make it clear that each gene is responsible for 
a definite characteristic. On the evidence afforded by 
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a prolonged series of experiments Professor Morgan 
has constructed a map showing the distribution of the 
genes in the chromosomes of the fruit-fly, and against 
each gene is the particular characteristic for which it 
is responsible. Colour, shape of wing, presence or 
absence of eyes, and various other characteristics, have 
been mapped in this way. In some cases a single gene 
is sufficient to produce a very marked effect. In other 
cases the effect is produced by a number of genes con- 
spiring together. It can happen, also, that different 
genes counteract one another. It cannot yet be 
definitely asserted that all inheritance depends on 
genes. But the possible exceptions are comparatively 
few, and it seems clear that in nearly all cases the genes 
play at least the predominant rdle. 

If we suppose that all inheritable characteristics 
are conveyed by the genes we see that the theory of 
evolution requires us to suppose that changes in the 
genes can occur. The various theories of evolution, 
therefore, are really theories as to how these changes 
take place. There is no doubt, to begin with, that 
changes do occur. Sudden alterations, in both animals 
and plants, have often been observed. ‘These altera- 
tions are not mere variations, such as are produced by 
the ordinary shuffling of the genes; they are much 
more radical and testify to an actual change in the 
germ-plasm itself. They are called mutations. A 
number of biologists, perhaps the majority, believe that 
mutations occur at random. Others believe that in- 
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dividual striving, on the part of the animal, can affect 
its germ-plasm, or that environmental influences can 
produce changes in it. 

There is also the theory called Orthogenesis which 
states that the germ-plasm, in particular cases, at 
any rate, is predetermined to develop in certain ways. 
This development goes on quite irrespective of whether 
or not it is advantageous to the organism concerned. 
And there are the vitalistic theories, of which Bergson’s 
Elan Vital is the most celebrated. We here have the 
course of evolution attributed to a purposeful striving 
manifesting itself in matter. This purposeful striving 
is not the God of the old theologians. It is not some- 
thing directing the evolutionary process from outside, 
it is something embodied and manifested in the world 
of living things, and in ourselves it has reached con- 
sciousness. None of these theories have yet received 
general assent and, in this sense, the contribution of 
biology to modern thought is not yet unambiguous. 
So far as biology is concerned Plato’s summary of 
the Greek theory that everything came about by 
‘chance’ is still a possible, but not a necessary, 
belief. 

The theory of genes and mutations make the process 
of inheritance much more intelligible than it was before. 
It is not yet generally agreed, however, that in muta- 
tions we have found the actual raw material with which 
evolution has worked. Observed mutations, say some 
authorities, are not sufficiently profound to explain 
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the origin of species. And it has been asserted that, 
of the mutations that have actually been produced 
under experimental conditions, practically all are 
detrimental to the organism concerned. In spite of 
the immense number of observations that have been 
made, and of the detailed experimental work that has 
been done in recent years, there is not yet unanimity 
of opinion as to the way, or ways, in which evolution 
has come about. 

But as to the fact of evolution there is universal 
assent. A study of the world of living things, present 
and past, makes such a conclusion inevitable. On a 
broad sweep, the progress from simple to more com- 
plicated forms is too obvious to be disputed. There 
are instances, it is true, where nature seems to go back- 
wards. It has happened that evolution seems to reach 
its limit in some particular direction, and that the end- 
products of the process become extinct, while some 
still surviving ancestral simple form starts off evolving 
on a new line. Such eddies in the main current are 
not always explainable, but, in general, the emergence 
of the different species of animals and plants in time 
fits in with the evolutionary hypothesis. 


§ 6 


The beginning of the evolutionary process raises a 
question which is as yet unanswerable. What was the 
origin of life on this planet ? Until fairly recent times 
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there was a pretty general belief in the occurrence of 
‘spontaneous generation.’ It was supposed that lowly 
forms of life developed spontaneously from, for example, 
putrefying meat. But careful experiments, notably 
those of Pasteur, showed that this conclusion was due 
to imperfect observation, and it became an accepted 
doctrine that life never arises except from life. So far 
as actual evidence goes this is still the only possible 
conclusion. But since it is a conclusion that seems to 
lead back to some supernatural creative act, it is a 
conclusion that scientific men find very difficult of 
acceptance. It carries with it what are felt to be, in 
the present mental climate, undesirable philosophic 
implications, and it is opposed to the scientific desire 
for continuity. It introduces an unaccountable break 
in the chain of causation, and therefore cannot be 
admitted as part of science unless it is quite impossible 
to reject it. For that reason most scientific men prefer 
to believe that life arose, in some way not yet under- 
stood, from inorganic matter in accordance with the 
laws of physics and chemistry. 

There is also the hypothesis, held by a few distin- 
guished scientific men, that life is as old as matter and, 
in that sense, has had no origin. Lord Kelvin thought 
that the germs of life may have reached our planet from 
some other world. We are to picture these * germs” 
wandering about space from the beginning of time, 
and developing into various forms of living things 
whenever they strike a favourable soil. This means, of 
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course, that the life of the wandering germs can remain 
dormant for an indefinite time. Arrhenius maintained 
that this was possible owing to the low temperature 
and lack of water-vapour in interstellar space. It has 
been found that certain bacteria, kept at a temperature 
of — 200° C., are still alive at the end of six months, 
and the seeds of certain plants have been found to be 
still alive at the end of a century. Loeb stated that 
there is no reason why spores should lose more of their 
germinating power in ten thousand years than in six 
months. But, naturally, the indefinite persistence of 
life in the conditions of interstellar space is not a matter 
that can be tested experimentally. If it is to be believed 
it must be as an article of faith. 

The hypothesis that life has developed from inorganic 
matter is, at present, still an article of faith, although 
various chemists have put forward various hypothetical 
accounts as to how they think it might have been done. 
The fact remains, however, that none of these processes 
have been reproduced in a laboratory, and so their 
possibility lacks experimental proof. This aspect of the 
question was best summed up by T. H. Huxley sixty 
years ago. Modern knowledge has nothing essential 
to add: 


* Looking back through the prodigious vista of the 
past, I find no record of the commencement of life, 
and therefore I am devoid of any means of forming a 
definite conclusion as to the conditions of its appear- 
ance. Belief, in the scientific sense of the word, is a 
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serious matter, and needs strong foundations. To 
say, therefore, in the admitted absence of evidence, 
that I have any belief as to the mode in which existing 
forms of life have originated, would be using words 
in a wrong sense. But expectation is permissible 
where belief is not ; and if it were given to me to look 
beyond the abyss of geologically recorded time to the 
still more remote period when the earth was passing 
through physical and chemical conditions, which it 
can no more see again than a man can recall his 
infancy, I should expect to be a witness of the evolu- 
tion of living protoplasm from not living matter. I 
should expect to see it appear under forms of great 
simplicity, endowed, like existing fungi, with the power 
of determining the formation of new protoplasm from 
such matters as ammonium carbonates, oxalates and 
tartrates, alkaline and earthy phosphates, and water, 
without the aid of light. That is the expectation to 
which analogical reasoning leads me; but I beg you 
once more to recollect that I have no right to call 
my opinion anything but an act of philosophical 
faith.” 


It may be that some light will be thrown upon the 
general question by the further investigation of what 
are called the ‘ filter-passing ° organisms. These organ- 
isms are too small to be seen by the microscope, and they 
reveal their presence only indirectly. They are the 
cause of certain diseases. The question has been raised 
as to whether they are ‘ alive ° or not, and it seems that 
the question can be answered both ways. In fact, their 
characteristics reveal an unsuspected ambiguity of the 
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term ‘ life.’ It is possible that we have here a connect- 
ing link between what we ordinarily mean by living and 
not living matter. 

In surveying this account of the way in which the 
world came to be as it is, we see that none of the chief 
hypotheses belong to the very highest class of scientific 
theory. None of them have the degree of validity of, 
for example, the electromagnetic theory of light. And 
it is unlikely that they ever will have this degree of 
validity, since they cannot be subjected to the test of 
experiment. The theory that the planets were born 
from the sun by the tidal effects of a passing star is 
such a theory. Even if instrumental power were so 
developed as to make such a phenomenon observable 
in some distant part of the heavens, the chances against 
its occurrence are so great as to make it very unlikely 
that it would ever be observed. Theories as to the early 
history of our planet are in a similar case; they deal 
with a set of conditions that cannot be reproduced. In 
this sense they may be called historical theories and, 
like history itself, they may reach a high degree of 
validity. 

Theories of evolution do not altogether belong to this 
class. Evolution is presumably still going on, and is 
presumably due to the same causes that operated in 
past times. By selecting organisms which have a short 
life and which breed rapidly, such as Drosophila, and 
perhaps by speeding up the process by artificial restric- 
tions, it may be that we shall actually observe the 


THE SCIENTIFIC ACCOUNT OF ORIGINS 149 


process of evolution. Observation of the geological 
records suffice to establish the fact that evolution has 
occurred; the definite determination of the method of 
its occurrence must presumably await the results of 
experimental investigation. 


CHAPTER V 


THE NATURE OF MIND 


§ 1 


Tue order of the emergence of the different forms of 
life on this planet is made clear by the geological deposits. 
The last product of the process, to be found only in the 
most recently deposited rocks, is man—Homo Sapiens. 
Estimates of the antiquity of the various species of men 
vary, but we may say that the remains of modern man 
that have been discovered must be attributed to a 
period of from twenty thousand to fifty thousand years 
ago. The age of these fossil remains are determined 
from the geological strata in which they lie, the types 
of animal remains that may be associated with them, 
and the anatomical peculiarities that they present. In 
cases of ceremonial burial the implements buried with 
them also afford a valuable clue. 

The best known of these races, belonging to our 
own species, is the Cré-Magnon, so called from the 
place where their remains were discovered in 1868. 
This race is completely modern. Indeed, it has been 
described as ‘in almost all respects the most perfect 
man physically that has come within our knowledge.’ 


The average height of the men seems to have been well 
150 
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over six feet, although the women were but little taller 
than those of the present day. Their brains, also, were 
larger than those of modern men, the brains even of the 
women exceeding the average of male brains of to-day. 
Besides various implements these men left behind them 
engravings, sculptures and paintings, in and upon the 
walls of their caverns, which: show a high degree of 
development. At about the same time there existed 
the Grimaldi race, much inferior physically, and with 
pronounced negroid features. There are various other 
remains scattered about Europe, perhaps belonging to 
still other races of Homo Sapiens, but their antiquity 
is disputed. 

These remains, of men belonging to modern species, 
do not take us back, as we have said, more than fifty 
thousand years. But human remains of vastly greater 
antiquity have been discovered. They belong, as we 
should expect on the theory of evolution, to much more 
primitive types. Perhaps the earliest remains are those 
of Pithecanthropus erectus, discovered in the island of 
Java in 1891. A conservative estimate gives to these 
remains an antiquity of five hundred thousand years. 
In many physical characteristics this creature is dis- 
tinctly human, but his brain, both in its size and 
in its characteristics, was very distinctly subhuman. 
Other remains have been found of still other species of 
submen, rather more recent than the Java man. ‘The 
most famous of these is the Neanderthal man, short, 
powerful, not fully erect in posture, and altogether 
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more brutish in appearance than modern man. The 
brain of this man was large, larger than some modern 
brains, but, unlike Cr6-Magnon man, the higher parts 
of it were not well developed. Nevertheless, Neander- 
thal man was a skilled worker in flints, understood the 
use of fire, and buried his dead ceremonially. It is 
probable that he belonged to a species that died out 
completely, and that he is not in the line of descent 
that has produced modern man. 

The remains of several species of primitive man 
have been found, but none of these are directly con- 
nected with ape-like forms. It is generally agreed, 
however, that the anthropoid apes and the various 
species of man had a common ancestor. The discovery 
of the various species of primitive man has done a great 
deal to reinforce this conclusion, although the actual 
line of man’s descent from a definitely non-human 
stock is still a matter of speculation. 

Human remains are rare, and from those alone it 
would be difficult to get any adequate idea of the dis- 
tribution of man in prehistoric times. But a study 
of the tools and implements he left behind shows that, 
long before historic times, man had spread over the 
whole of the habitable world. The area he covered 
varied, sometimes expanding, sometimes retracting, for 
it so happens that man was contemporaneous with the 
great climatic fluctuations of the ice age, a period that 
began some hundreds of thousands of years ago, and 
lasted to within about twenty-five thousand years of 
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our own day. The ice age comprises four cold epochs, 
when the ice spread from the polar regions right down 
to the temperate zone. Successive cold epochs were 
separated by periods when the climate was as warm, 
or warmer, than it is to-day. Man, as his remains 
proved, lived throughout all these alternations of 
climate although, naturally, he had to abandon regions 
as they became completely covered with ice. 

This is the period that anthropologists call the Stone 
Age, from the implements that have been left behind. 
It is not suggested, of course, that the prehistoric men 
of that time did not also fashion tools from such sub- 
stances as wood and bone, but the stone implements, 
being imperishable, are those that have survived. The 
earliest of these implements, consisting of roughly 
chipped flints, are so primitive, that for a long time 
anthropologists were doubtful whether they were of 
human construction at all. Only very gradually did 
they assume a more artificial form. Indeed, many 
thousands of years elapsed before any very marked 
technical improvements were effected. 

But at the time of the coming of Neanderthal man a 
distinct advance in implement making is perceptible. 
Their accomplishments, however, were primitive com- 
pared with those of Cré-Magnon man. This race 
made a variety of tools, stone, bone, and ivory, and 
ornamented them. Also, as we have seen, they began 
the fine arts, one of the outstanding phenomena of the 
whole prehistoric era. 
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Following on the unexplained eclipse of the Cré- 
Magnon race came a rather undistinguished period 
when no striking advances were effected, where, indeed, 
there was definite retrogression in certain respects, and 
then came the period of Neolithic culture when plants 
were cultivated and animals domesticated. Life became 
altogether more easy and agreeable. An interesting 
illustration of this fact is given by what we know of the 
diet of pre-Neolithic man. At one period, in Switzer- 
land, the diet was ninety per cent. cave bear, in Moravia 
ninety per cent. mammoth, and in Denmark ninety per 
cent. shell-fish. The Neolithic peoples, on the other 
hand, had fish, flesh, fowl, and garden products. Being 
cultivators, the Neolithic peoples naturally had fixed 
abodes. They built villages on piles, out over the 
waters of lakes or on their shores. The houses were 
built of wood, oak, beech, or birch, and contained 
separate rooms complete with fireplaces, etc. Looms 
also have been found, for Neolithic man understood the 
arts of knitting, spinning, weaving, embroidery, and 
the making of nets and baskets. He made _ boats, 
carved from tree-trunks, and it is probable that he made 
some use of the wheel. And we have evidence that he 
performed surgical operations, particularly trephining, 
with considerable skill and success. 

It is evident that by this time man, the social animal, 
with an adequate language and a developing culture, 
had fairly come into being. The modern epoch of 
developing civilization, the distinctively human life, 
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had begun. Indeed, recent researches suggest that the 
beginnings of civilization must be carried back a good 
deal earlier. There is evidence that the later types of 
primitive man were less primitive than has been sup- 
posed. But, whatever the correct time-scale of the 
process may be, there can be no doubt that modern 
man has developed from more primitive forms. This 
is true of his anatomy and seems to be equally true of 
his intelligence, while human societies have obviously 
developed enormously even within historic times. 

At the time when Darwin stated his conviction that 
man had evolved physically from an ape-like ancestor 
many people were reluctant to suppose that this process 
applied also to man’s mind. They thought that such 
a doctrine would have very undesirable repercussions 
on morality and religion. It took away from man his 
most distinctive and noble characteristic—his soul. So 
that some of them—among them Wallace, the co- 
inventor with Darwin of the theory of Natural Selection 
—while agreeing that man had been evolved physically, 
maintained that his mind and soul had been specially 
created. Nowadays this theory is felt to be very un- 
satisfactory. 

The accepted doctrine, that there has been a gradual 
progression from an ape-like ancestor to modern man, 
raises the question as to when, during this process, 
the developing creature acquired a soul. If we suppose 
that the human mind and soul have not developed, 
but have been specially created, then any date we assign 
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to this creation will appear arbitrary since the indi- 
viduals so distinguished could have differed only almost 
imperceptibly, in all other respects, from their im- 
mediate predecessors. Also, actual psychological and 
anatomical observations made on the higher apes have 
done something to rob man of his unique position. 

Nevertheless, the differences remain enormous. A 
great gulf separates even the lowest races of mankind 
from the highest living animals. We may suppose that 
the various fossil men exhibited different degrees of 
intelligence rising gradually from that of the anthro- 
poid ape up to modern man. But such a progressive 
evolution of intelligence is, of course, conjectural. 
Within historic times there has been no development of 
human intelligence. 

The general theory that intelligence has evolved fits 
in well enough, however, with actual observations. It 
is generally true that the physically simplest organisms 
have also the most rudimentary forms of intelligence. 
Indeed, if we define intelligent behaviour as successful 
adaptation to new conditions, then we must conclude 
that large groups of organisms are without intelligence. 
The moth which flutters towards a candle flame is 
responding mechanically to a stimulus; it is not dis- 
playing intelligence. These tropisms, as they are 
called, which cause an organism to behave in an in- 
variable way without any regard to its personal advan- 
tage, cannot be classed as intelligent, although, in the 
creature’s normal environment, they may be of advan- 
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tage to it. The same may be said of reflex actions, 
as coughing, blinking, sneezing. Such reactions may 
be of advantage to their possessor, but they are not 
intelligent. It is characteristic of all these reactions 
that they are completely rigid and invariable. Instincts 
belong to a higher level of development, and although 
they can manifest a great degree of fixity they are, in 
the higher organisms, much more variable. 

The question of the origin of this group of reactions 
is still a matter for speculation. A theory once held 
maintains that instincts are cases of ‘ lapsed intelli- 
gence.’ It supposes that the original forms of life were 
able to choose, amongst the various forms of behaviour 
possible to it, those that were of advantage. These 
chosen forms of behaviour then became fixed habits 
and, as such, were transmitted to the descendants of the 
organism. They thus lost their original spontaneous 
character and became the automatic things we know. 

This theory is at present regarded with disfavour. 
In the first place, it is very unlikely that the primitive 
intelligence it postulates ever existed. Further, the 
theory supposes that acquired characteristics are in- 
herited—a supposition which is now, as we have seen, 
something in the nature of a heresy. The modern 
tendency is to account for all these reactions, tropisms, 
reflexes, instincts, by the old explanation of ‘ random 
variations.” Behaviour, it is assumed, is conditioned 
by physical structure, and random variations in struc- 
ture give rise to corresponding differences of behaviour. 
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Favourable variations are preserved, in the usual 
manner, by natural selection. 

The relation between physical structure and _ be- 
haviour that is assumed by this theory has not been 
made out as clearly as could be desired. It is true 
that, on the whole, complexity of behaviour is associated 
with complexity of the nervous system. But the corre- 
spondence is not very uniform. Certain organisms, 
such as the ant, the bee, and the spider, display very 
complicated instincts, although their nervous organi- 
zation is relatively simple. Other organisms, on the 
other hand, such as certain of the mammals, have 
extremely complicated nervous systems, but manifest 
much less remarkable instincts. Thus the correspond- 
ence between structure and inherited reactions is not 
yet very clearly made out. 

If we define intelligence as the capacity to modify 
behaviour successfully in face of new situations, then 
it is a matter of common knowledge that some creatures 
are more intelligent than others. Certain theorists, it 
is true, have maintained that all animals are automata, 
and therefore have nothing that can properly be called 
intelligence at all. It is impossible to refute this theory 
by observation, since we have no direct access to the 
minds of animals. But then we have no direct access 
to any mind but our own. We attribute minds to other 
human beings on the strength of their behaviour, and 
we are justified in applying the same inference to 
animal behaviour. 


THE NATURE OF MIND 159 


Actual experiment shows that animals differ very 
considerably in their capacity to learn by experience. 
A common test is to give an animal two paths to choose 
from, one of which leads to food while the other does 
not. A creature of human intelligence, having once hit 
on the successful path, would stick to it. But such a 
creature as a frog, for example, seems almost incapable 
of profiting by its past successes. Very patient experi- 
mentalists have found, however, that even a frog can 
learn. Indeed, it cannot be definitely stated that any 
animal is altogether incapable of learning. On this 
ground alone, therefore, we should not be justified in 
saying that any animal’s intelligence was radically 
different from our own. With the higher organisms, 
particularly the great apes, we have evidence of mental 
processes akin to the human. Such highly developed 
creatures as orangs and chimpanzees, faced by a new 
situation, have been known to make correct inferences 
for dealing with it, based on past experience, as by 
using a stick to draw in food otherwise out of reach, or 
by piling boxes on one another and mounting them in 
order to reach food suspended from the roof. 


§ 2 


Although the theory that mind has steadily evolved 
is perhaps the one that most naturally suggests itself, 
it is not necessitated by the observed facts. It is quite 
possible to suppose that sudden breaks have occurred, 
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and that radically new elements have appeared. As 
we have seen, it has been maintained that consciousness 
is peculiar to man, and that no animals possess it. Even 
if we deny this, and insist on attributing consciousness 
to the higher animals, we might hesitate to extend it 
all down the scale and to attribute it, say, to the amoeba 
or to plants. It might be difficult even to stop there, 
so that presently we should find ourselves regarding 
the whole inorganic world, also, as conscious. ‘There 
is, perhaps, no conclusive reason why we should not 
do this, and there are philosophers who maintain that 
we should be correct in doing so, but it might be as 
well, before doing so, to search for alternatives. Any 
alternative will, of course, suffer from the disadvantage 
of postulating a breach of continuity. 

This is the objection that is brought against Herbert 
Spencer’s well-known attempt to describe the evolution 
of mind. He traces out the growing complexity of the 
nervous system, and shows how we may suppose the 
interplay of the nervous currents in the brain to have 
grown more and more complicated. And somehow, 
from the growth of complexity, consciousness arises. 
He says : 


‘These separate impressions are received by the 
sense—by different parts of the body. If they go no 
further than the places at which they are received, 
they are useless. Or if only some of them are brought 
into relation with one another, they are useless. That 
an effectual adjustment may be made, they must all 
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be brought into relation with one another. But this 
implies some centre of communication common to 
them all, through which they severally pass; and, 
as they cannot pass through it simultaneously, they 
must pass through it in succession. So that as the 
external phenomena responded to became greater in 
number and more complicated in kind, the variety and 
rapidity of the changes to which this common centre 
of communication is subject must increase—there 
must result an unbroken series of these changes— 
there must arise a consciousness.” 

The chief interest of this passage is for the light it 
throws on Spencer’s conception of an argument. That 
the conclusion is a complete non sequitur is apparent. If 
Spencer had intended it as a description of the actual 
circumstances in which consciousness arose it would 
be no more mysterious than any other ultimate fact in 
nature. But as an explanation of the origin of con- 
sciousness it is, of course, entirely valueless. It is 
valueless because it involves an entire breach of 
continuity. 

The old-fashioned materialistic philosophy, which 
explained a man’s thoughts as consisting of the motions 
of little billiard balls in his head, suffers from the same 
defect. The transition from colliding spheres to 
thoughts is too abrupt. There is nothing in our know- 
ledge of the properties of motion, or of little hard 
particles, which prepares us for the conclusion. Never- 
theless, it may be that materialism, as a description of 
fact, is true. But unless our notions of hard particles 
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and motion were greatly enriched it would remain an 
irreducible fact. 

The idea that materialism may be true as a descrip- 
tion, although unintelligible as an explanation, fits 
in with the modern theory of Emergent Evolution, a 
theory to which certain philosophically minded biologists 
are according sympathetic attention. ‘The theory, put 
briefly, states that at various stages of material com- 
plexity, radically new properties emerge. According to 
this theory both Life and Mind are emergent properties 
of certain material aggregates. A complete knowledge 
of the constituents of these aggregates would not enable 
us to predict that, in combination, they would manifest 
the properties of life or mind. 

The general notion can be illustrated by considering 
a chemical compound. Water, for instance, is composed 
of hydrogen and oxygen. Can we predict, from a com- 
plete knowledge of the properties of oxygen and of the 
properties of hydrogen, the properties of water? We 
are here referring, of course, to the properties of hydro- 
gen and of oxygen, taken in isolation. It is a fact, of 
course, that science cannot at present account for the 
properties of water from its knowledge of the properties 
of hydrogen and of oxygen, taken in isolation. But 
probably most scientific men would say that the reason 
for this is that our knowledge of the properties of 
hydrogen and oxygen is incomplete. The theory of 
emergence states that the reason lies deeper; the pro- 
perties of water are not implicit in the properties of 
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hydrogen and oxygen. A scientific archangel, brooding 
from eternity on hydrogen and oxygen, taken separately, 
could not say that their combination would manifest 
the properties of water. In the same way, the property 
of life which is manifested by certain material aggregates 
could not be inferred from any amount of knowledge of 
the constituents of those aggregates. And the same 
applies to the still higher complexities which manifest 
mental properties. 

This theory is certainly not illogical, but it suffers from 
the disadvantage that it can never be proved. On the 
other hand, it could conceivably be disproved. As 
our knowledge of the hydrogen and oxygen atoms 
increases it may be that we shall be able to deduce 
that the properties of water must be exhibited by their 
combination. The theory of emergence will then be 
disproved. But our failure, however often we fail, does 
not prove the theory of emergence—it only makes it 
possible, perhaps, as time goes on, probable. Thus 
our attitude towards the theory of emergence depends, 
to some extent, upon our estimate of the present 
level of scientific knowledge. Has the science of 
physics a great deal yet to learn about the properties 
of matter ? 

This is obviously a question that no man can answer, 
and scientific men, speaking officially, always say that 
science has barely begun. If this is true in the sense 
that the present principles and entities of physics are 
capable of indefinite application, then the theory of 
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emergence must be regarded as, at best, a mere possi- 
bility, but not as a working hypothesis. The theory of 
emergence really assumes that our knowledge of physical 
and chemical entities is, in essentials, complete. There- 
fore our failure to deduce the properties of a living cell 
from the properties of its constituents is to be taken 
as indicative of an actual breach of continuity in nature. 
Thus a completely unified science is, in the nature of 
things, impossible. We shall never reach a set of 
concepts in terms of which all phenomena can be 
described. 

This statement is quite possibly true and, to many 
minds, will seem highly probable. But it is also pos- 
sible that these difficulties in passing from the physical 
to the chemical, from the chemical to the living, and 
from the living to the mental, have an entirely different 
source. We must remember that the entities used in 
a science are abstractions from experience. And only 
a certain group of experiences are regarded as relevant. 
The entities with which a science works, and in terms 
of which it tries to account for the particular set 
of phenomena it is investigating, are all composed 
out of certain selected bits of our total experience. 
And they are composed as economically as possible. 
Scientific concepts are never any richer than they 
need be for the particular purposes for which they 
are designed. 

Thus, for the purposes of the early kinetic theory 
of gases it was sufficient to regard atoms as little hard 
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spheres. In the science of that day an atom was a 
little hard sphere. To the layman of that time science 
had ‘ discovered? that matter is built up of little hard 
spheres, all perfectly homogeneous and of invariable 
size and weight. But as our experience of certain 
phenomena was extended and refined it was found that 
this simple atom was not sufficient. It was ‘ discovered ” 
that it was more complicated than had been supposed. 
In course of time it became transformed beyond recog- 
nition. The modern atom, instead of being something 
with the fewest possible rudimentary properties, is a 
very richly endowed object indeed. But every step in 
this enrichment of the atom has been made as grudgingly 
as possible. Even now the atom is only as complicated 
as is necessary to explain the phenomena of spectra. 
The atom of the kinetic theory of gases would be hope- 
less for this purpose. Is it very surprising, then, that 
the atom of spectrum theory is not good enough to 
explain the phenomena of life? Presumably, if we 
want it to play that réle, we have to ‘discover’ 
more properties in it. By endowing the atom with a 
sufficient number of properties we shall make it 
adequate to explain, not only the phenomena of 
physics and chemistry, but also living and mental 
phenomena. 

Nevertheless, it seems that the atom will then have 
undergone a real change. It does not seem that it can 
perform these new tasks without becoming something 
different in kind from what it was before. The atom of 
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modern physics, different as it is from the Victorian 
atom, is different chiefly by being a much more compli- 
cated mechanism. It is true that our notions of mechan- 
ism have to be considerably extended to accommodate 
it, but such notions as mass, distance, motion, still 
remain fundamental in our construction of the atom. 
From this point of view we can say that the modern 
atom is not different in kind from the Victorian atom. 
But it seems impossible that any extension of this sort 
of complexity will help in explaining mental phenomena, 
even if it proves adequate to the phenomena of life. 
So that amongst the new properties with which we 
propose to dower the atom, we shall probably have to 
include a rudimentary form of consciousness. Perhaps 
there is a hint of this in the modern doctrine that the 
atom manifests ‘ something like free-will.’ 

The chief point in favour of the view we have just 
sketched is that it preserves the principle of continuity. 
Scientific men, as a whole, are very strongly in favour 
of this principle. It may be, however, that their feeling 
is no more than a prejudice. There are philosophers 
who believe that the world is a plurality, that it is com- 
posed of things essentially distinct. But the principle 
of continuity has led to so much fruitful work in science 
that it will probably long remain as a working hypothesis. 
It will be noted that this way of securing continuity, by 
postulating some rudimentary form of consciousness 
even for the ultimate particles of matter, involves a sort 
of dualism. For consciousness is something peculiarly 
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different from the other fundamental properties attri- 
buted to matter. 

We see that the question of the Evolution of Intelli- 
gence bristles with unsolved problems. We are not yet 
clear as to whether certain types of behaviour are to be 
classed as intelligent, nor can we draw any clear line 
of demarcation between the conscious and the non- 
conscious. The connection between physical structure 
and mental characteristics is still very largely hypo- 
thetical. And we do not know whether consciousness 
arises only at a certain stage of complexity or whether 
it must be postulated of all living matter—or even of 
all matter. Thus the theory of evolution, although it 
can tell us a great deal about the development of our 
bodies, can tell us very little about the development of 
our minds. It may be that the structure of our minds 
is completely conditioned by the structure of our ner- 
vous systems, but researches on the nervous system, at 
present, throw practically no light on our mental pro- 
cesses. For the understanding of these we have to 
appeal to different methods. 


§ 3 
Unfortunately the science which deals with mind, the 
science of psychology, is at present in a very rudimen- 
tary state. Indeed, it would be denied by many that 
any such science exists. Certainly there is no generally 
accepted body of psychological doctrine. There are, 
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rather, a number of different theories, each having a 
limited range of application and, where they profess to 
deal with the same phenomena, differing profoundly 
from one another. 

Amongst these theories the one with the greatest 
pretentions to being robustly scientific is Behaviourism. 
Behaviourism, in its strict form, says that what we call 
mental processes are in reality bodily movements. When 
we say that we are thinking of something, or perceiving 
something, this statement really means that our body 
is behaving in a certain way. It is at first very difficult 
to believe that these statements mean what they say. 
One finds oneself interpreting them to mean, for instance, 
that mental processes are always accompanied by bodily 
movements, or that bodily movements and mental 
processes are two indissoluble aspects of the same event. 
Without such interpretations the statements sound 
obviously absurd. But it appears that it is this obvious 
absurdity that constitutes the original element in 
Behaviourism. 

Behaviourism gets rid of what we call ‘ mind” alto- 
gether. We do not think; we make incipient speech 
movements. We do not perceive anything; we adjust 
our eyeballs. It would certainly seem to be a waste of 
time to discuss this theory were it not for the fact 
that there are a fair number of people who profess to 
believe it, as well as a large number of people who, 
for one emotional reason or another, would like to 
believe it. 
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The bodily movements assumed by Behaviourism are 
not necessarily overt movements. They include such 
things as slight movements in the throat, changes 
of blood pressure, and so on. A less pure form of 
Behaviourism, when evidence for these movements is 
not forthcoming, postulates unobservable molecular 
movements in the brain, and thus becomes a form of 
old-fashioned materialism. But even materialism has 
mostly acknowledged that there are mental processes 
accompanying, although wholly conditioned by, these 
molecular movements. 

It is not logically impossible to deny that other people 
have minds, and in this fact consists such plausibility 
as Behaviourism possesses. We deduce the existence of 
other people’s minds from their behaviour, and there 
fore we may say that their minds are, to us, hypothetical 
causes of their behaviour. The Behaviourist asserts 
that nothing is gained by postulating these hypothetical 
causes; we may confine ourselves wholly to the 
behaviour. 

It is true that there is much in the behaviour of other 
people, as when we are listening to a conversation on 
politics, for example, which gives no evidence of think- 
ing, and which suggests that purely automatic reactions 
are taking place. But it is more surprising to learn that 
the Behaviourist finds no evidence of thought processes 
within himself. The fact is, that each of us is immedi- 
ately aware, within himself, of sensations, images, 
imagination, and reasoning. And we have not, in 


170 LIMITATIONS OF SCIENCE 


practice, the slightest doubt that we are correctly imput- 
ing these activities to other people. A compass-needle, 
in following the movements of a magnet, is certainly, 
according to the Behaviourist, ‘ perceiving ’ the magnet. 
But we know that with our own perceptions, even if our 
bodily behaviour is as regular and automatic as that of 
the magnet, something more is involved. And this 
something more is, of course, the sensations, images, etc., 
of which we are directly aware. According to Be- 
haviourism these sensations, images, etc., must all be 
reducible to bodily movements. They must be identical 
with bodily movements. That this is impossible has 
been explained very lucidly by Dr. Broad, who has 
throughout shown a truly admirable patience in his 
discussion of what he calls this ‘ preposterously silly” 
theory. 


‘Let us suppose, for the sake of argument, that 
whenever it is true to say that I have a sensation of 
a red patch it is also true to say that a molecular 
movement of a certain specific kind is going on in a 
certain part of my brain. There is one sense in which 
it is plainly nonsensical to attempt to reduce the one 
to the other. There is a something which has the 
characteristic of being my awareness of a red patch. 
There is a something which has the characteristic 
of being a molecular movement. It should surely be 
obvious even to the most “‘ advanced thinker ** who 
ever worked in a _ psychological laboratory that, 
whether these * somethings ” be the same or different, 
there are two different characteristics. The alterna- 
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tive is that the two phrases are just two names for a 
single characteristic, as are the two words “rich” 
and ‘‘ wealthy,” and it is surely obvious that they 
are not. If this be not evident at first sight, it is very 
easy to make it so by the following considerations. 
There are some questions which can be raised about 
the characteristic of being a molecular movement, 
which it is nonsensical to raise about the character- 
istic of being an awareness of a red patch; and con- 
versely. About a molecular movement it is perfectly 
reasonable to raise the question: “Is it swift or 
slow, straight or circular, and so on?” About the 
awareness of a red patch it is nonsensical to ask 
whether it is a swift or a slow awareness, a straight 
or a circular awareness, and so on. Conversely, it 
is reasonable to ask about an awareness of a red patch 
whether it is a clear or a confused awareness; but it 
is nonsense to ask of a molecular movement whether 
it is a clear or a confused movement. Thus the attempt 
to argue that ‘* being a sensation of so and so” and 
‘““ being a bit of bodily behaviour of such and such a 
kind” are just two names for the same characteristic 
is evidently hopeless. And this is what the Be- 
haviourist has really got to do.’ 


Although Behaviourism, regarded as an _ ultimate 
account of mental processes, must be rejected, it has 
nevertheless been of some value. It has drawn atten- 
tion to what we may call the mechanical aspect of some 
of the activities we call mental. It has gone as far as it 
can in reducing mental processes to reflexes, such as 
sneezing, blinking, etc., and, in so far as such reductions 
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are successful, they give us information which is both 
new and important. Such reductions, however, do not 
usually lead to simple reflexes, but to conditioned 
reflexes. 

The study of conditioned reflexes has come into great 
prominence of recent years, chiefly through the work 
of Pavlov. Pavlov’s experiments have been conducted 
on dogs, but they deal with such basic phenomena that 
it is likely that they throw light on certain fundamental 
processes in higher animals, including human beings. 
At the sight and smell of food saliva will flow into the 
mouth of a normal dog. If the dog has had its cerebral 
hemispheres removed, however, it will not salivate until 
the food is actually thrust into its mouth. In the 
second case we are dealing with a simple reflex action. 
In the first case the action is more complicated and 
involves a psychical response. The old-fashioned 
psychologist would call it an instance of the ‘ associa- 
tion of ideas.” The dog has learned by experience to 
associate that sort of smell and appearance with 
eating. 

It occurred to Pavlov to try experimentally whether 
this one-link chain of association could be lengthened. 
Thus he would start by ringing a bell before present- 
ing food to the dog. After a sufficient number of 
such experiences the dog would associate the ringing 
of the bell with the appearance of food, and would 
salivate when the bell rang and before the food had 
appeared. Such a reaction is called a ‘ conditioned 
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reflex.” Pavlov rang numerous changes on this theme. 
He tried various stimuli, noises, colours, shapes, touches 
on various parts of the body, electric shocks, and so 
on, and found that the dog could learn to regard any 
such stimulus as the prelude to being fed. He also 
introduced stimuli which were not followed by food, and 
when the dog had thoroughly learned to ignore these 
he tried the effect of combining the two sorts of stimuli, 
the one that preluded food and the one that did not. 
In this way, besides advancing his main purpose, as 
we shall see, he obtained some highly interesting results 
concerning the sensory discriminations of dogs. They 
are so interesting that, although they are incidental, 
some examples are worth giving. 

A dog would be taught to associate the appearance 
of a black patch with the appearance of food, and 
would be taught to ignore the appearance of a white 
patch. These reactions having been thoroughly estab- 
lished, the dog would then be presented with a grey 
patch. The dog easily distinguished this from a black 
patch, and did not salivate. Deeper and deeper shades 
of grey were presented to the dog in order to determine 
at what point his power of discrimination broke down. 
The interesting discovery was made that, in this respect, 
the dog’s power of discrimination perceptibly surpassed 
that of human beings. Shades of grey so deep that 
human observers could not distinguish them from black 
evoked no salivation. In the discrimination of shapes, 
however, the dog showed himself inferior to human 
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beings. Having learned to associate a circular shape 
with food, the dog was plunged into a frenzy of in- 
decision on being presented with a broad elliptical shape 
which still differed perceptibly, to human eyes, from 
the circular form. In respect to sounds, however, the 
dog again showed a marked superiority to human powers 
of discrimination. He could detect very slight varia- 
tions in loudness, he could hear sounds so high in pitch 
that they were inaudible to human ears, and he was 
extremely sensitive to rhythm, being readily able to 
distinguish the difference between a metronome beat- 
ing ninety-six to the minute and one beating one 
hundred. 

These facts about a dog’s sensory discriminations 
are interesting, but their discovery was incidental to 
Pavlov’s main purpose. We have seen that a dog can 
learn to ignore a stimulus. These inhibitory processes 
are, it appears, much more fragile and easily disturbed 
than are the excitatory responses. Inhibitory processes 
play a very large part in our psychological life. We 
should be quite unable to function as we do were it not 
that we are constantly inhibiting our responses to 
stimuli—even if the stimulus be no more than the 
ticking of a clock whilst we are reading. Pavlov found 
that, with his dogs, inhibitions have a tendency to 
spread. ‘Thus a dog’s positive reaction to a stimulus is 
somewhat weakened if he has just previously been sub- 
jected to a stimulus which he has been trained to ignore. 
But the details of the interactions between excitations 
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and inhibitions are complicated. Thus it appears that 
if one part of the brain is active it tends to inhibit 
activity in other parts. Similarly, an inhibitory process 
in one part seems to cause increased activity elsewhere. 
Perhaps the most interesting generalization to which 
Pavlov has been led by his study of inhibition is his 
conclusion that sleep is a general form of inhibition. 
He says : 

*‘ Internal inhibition during the alert state is nothing 
but a scattered sleep, sleep of separate groups of 
cellular structures; and sleep itself is nothing but 
internal inhibition which is widely irradiated, extend- 
ing over the whole mass of the hemispheres, and 
involving the lower centres of the brain as well.’ 


These researches of Pavlov’s doubtless leave a great 
deal of the psychology of dogs yet unexplained, and we 
should not expect, therefore, that they would throw 
very much light on the psychology of human beings. 
Nevertheless, the results obtained by this study are of 
particular interest because they have been obtained by 
a sound scientific method. In this respect they differ 
markedly from other and more ambitious accounts that 
have been given of our mental processes. This does 
not mean that the results achieved by other methods 
may not be more valuable, but only that we are inclined 
to have less confidence in them. 

That conditioned reflexes can be established in 
children has been made clear by the experiments of 
Dr. Watson. A human baby is born with remarkably 
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few unconditioned reflexes, but amongst these is fright 
at a loud noise. Advantage has been taken of this fact 
to obtain fright reactions to other things. Thus, if an 
infant is shown a teddy-bear at the same time that a 
loud noise is produced, the child will learn to manifest 
fright at the mere appearance of a teddy-bear. This 
response may become diffused, as it were, so that it 
takes place in the presence of almost any furry object. 
A conditioned reflex is established, exactly as in the 
case of Pavlov’s dogs. It would be possible to illustrate 
this discovery by accounts taken from learned writings, 
but the most vivid account, and one which is scientifi- 
cally impeccable, is given by a contemporary novelist ! 
in his vision of the future world that may be created by 
science. In the new Pavlovian Conditioning Rooms 
bowls of roses and gaily coloured pictures of beasts, 
fishes, and birds have been spread out. A batch of 
babies, ripe for conditioning, have been brought in. 


‘ The babies at once fell silent, then began to crawl 
towards those clusters of sleek colours, those shapes 
so gay and brilliant on the white pages. As they 
approached, the sun came out of a momentary eclipse 
behind a cloud. The roses flamed up as though with 
a sudden passion from within; a new and profound 
significance seemed to suffuse the shining pages of the 
books. From the ranks of the crawling babies came 
little squeaks of excitement, gurgles and twitterings 
of pleasure. 


Cen eet iaenenananeneeninel 


1 Brave New World, Aldous Huxley. 
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The Director rubbed his hands. ‘“ Excellent!” 
he said. ‘“‘It might almost have been done on 
purpose.” 

The swiftest crawlers were already at their goal. 
Small hands reached out uncertainly, touched, grasped, 
unpetalling the transfigured roses, crumpling the illu- 
minated pages of the books. The Director waited until 
all were happily busy. Then, ‘“*‘ Watch carefully,” he 
said. And, lifting his hand, he gave the signal. 

The Head Nurse, who was standing by a switch- 
board at the other end of the room, pressed down a 
little lever. 

There was a violent explosion. Shriller and ever 
shriller, a siren shrieked. Alarm bells maddeningly 
sounded. 

The children started, screamed ; their faces were 
distorted with terror. 

*““ And now,” the Director shouted (for the noise 
was deafening), ‘“* now we proceed to rub in the lesson 
with a mild electric shock.” 

He waved his hand again, and the Head Nurse 
pressed a second lever. The screaming of the babies 
suddenly changed its tone. There was something 
desperate, almost insane, about the sharp spasmodic 
yelps to which they now gave utterance. Their little 
bodies twitched and stiffened; their limbs moved 
jerkily as if to the tug of unseen wires. 

‘* We can electrify that whole strip of floor,” bawled 
the Director in explanation. ‘“‘ But that’s enough,” 
he signalled to the nurse. 

The explosions ceased, the bells stopped ringing, the 
shriek of the siren died down from tone to tone into 
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silence. The stiffly twitching bodies relaxed, and what 
had become the sob and yelp of infant maniacs 
broadened out once more into a normal howl of ordin- 
ary terror. 

‘* Offer them the flowers and the books again.” 

The nurses obeyed; but at the approach of the 
roses, at the mere sight of the gaily-coloured images 
of pussy and cock-a-doodle-doo and baa-baa_ black 
sheep, the infants shrank away in horror; the volume 
of their howlings suddenly increased. 

‘“ Observe,” said the Director triumphantly. ‘ Ob- 
serve.” 

Books and loud noises, flowers and electric shocks— 
already in the infant mind these couples were com- 
promisingly linked ; and after two hundred repetitions 
of the same or a similar lesson would be wedded indis- 
solubly. What man has joined, nature is powerless 
to put asunder. 

“They'll grow up with what the psychologists used 
to call an ‘ instinctive’ hatred of books and flowers. 
Reflexes unalterably conditioned. They'll be safe 
from books and botany all their lives... The Director 
turned to his nurses. “ Take them away again.” ” 


Although the experiment described above, and many 
others, would probably be successful, it seems very rash 
to describe the mind as wholly built up of conditioned 
reflexes. Yet this is what some Behaviourists do. They 
regard the human mind as almost infinitely plastic, so 
that, by proper conditioning and environment, a baby 
can be turned into any kind of man. Dr. Watson says 
that the Behaviourist ‘ believes that, given the relatively 
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simple list of embryological responses, which are 
fairly uniform in infants, he can build (granting that 
environment can be controlled) any infant along any 
specific line—into rich man, poor man, beggarman, 
thief.” This doctrine that, but for the accidents of cir- 
cumstance, they might have been Einsteins, Shake- 
speares, or even Henry Fords, is doubtless comforting 
to self-respecting morons, but to others it will appear 
merely as another instance of the hasty, even silly, 
generalizations to which Behaviourists are prone. 

The conditioned reflex theory is most successful in its 
application to language, although even here it does not 
take us very far. It explains the way in which an infant 
learns single words in a fairly satisfactory way. Thus a 
child learns to associate the word ‘ bottle’ with the 
appearance of his food. His learning of such words can 
be explained as a conditioned reflex. When we come to 
sentences, however, another element seems to be in- 
volved. Differently worded sentences can express the 
same meaning, and a child is soon able to use sentences, 
which he has never heard before, to express correctly 
his meaning. This is obviously not done by any process 
of trial and error in combining words that he knows. 
The child first grasps the meaning of the sentence as a 
whole, and then seizes, from his limited vocabulary, 
suitable words, and arranges them in a suitable order, 
for the expression of his meaning. The grasp of 
the situation as a whole precedes his attempt to 
express it. 
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This capacity is not peculiar to man. Certain per- 
formances, even of the higher apes, cannot be accounted 
for by a trial and error process. Kohler’s famous experi- 
ments on chimpanzees make this quite clear. He gives 
several instances of intelligent behaviour on their part 
which are certainly not instances of trial and error. One 
of the best known is where the ape Sultan is provided 
with two bamboo canes with which he tries to draw fruit 
into his cage. Having found that each of these canes 
was too short for the purpose, Sultan had a period of 
silent thought. He found, perhaps accidentally, that 
one end of one cane could be fitted into ohe end of the 
other. Directly he discovered this, he realized that he 
had the solution of his problem and immediately utilized 
the lengthened cane he thus obtained to draw in his 
food. Kohler, speaking of his experiments generally, 
Says : 

‘It is certainly not a characteristic of a chim- 
panzee, when he is brought into an experimental 
situation, to make any chance movements, out of 
which, among other things, a non-genuine solution 
could arise. He is very seldom seen to attempt any- 
thing which would have to be considered accidental 
in relation to the situation (excepting, of course, if 
his interest is turned away from the objective to other 
things). As long as his efforts are directed to the 
objective, all distinguishable stages of his behaviour 
(as with human beings in similar situations) tend to 
appear as complete attempts at solutions, none of 
which appears as the produce of accidentally arrayed 
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parts. This is true, most of all, of the solution which 
is finally successful. Certainly it often follows upon 
a period of perplexity or quiet (often a period of sur- 
vey), but in real and convincing cases the solution 
never appears in a disorder of blind impulses. It is 
one continuous smooth action, which can be resolved 
into its parts only by the imagination of the onlooker ; 
in reality they do not appear independently. But 
that in so many “ genuine”’ cases as have been de- 
scribed, their solutions as wholes should have arisen 
from mere chance, is an entirely inadmissible sup- 
position.’ 

The Behaviourist explanation of other mental pro- 
cesses, such as memory, is similarly deficient. Dr. 
Watson says: ‘ By “ memory,” then, we mean nothing 
except the fact that when we meet a similar stimulus 
again after an absence, we do the old habitual thing 
(say the old words and show the old visceral-emotional 
behaviour) that we learned to do when we were in the 
presence of that stimulus in the first place.” Bertrand 
Russell points out that if by ‘ old habitual thing’ in 
this description Dr. Watson means verbal habits, then 
his account is certainly untrue. We can, and do, 
describe a past experience in many different forms of 
words, such as ‘I met Mr. Jones in the train to-day,’ 
and ‘ Joseph was in the 9.385 this morning.” The con- 
stant element in these different descriptions is their 
meaning. If they are mere verbal habits, then we must 
assume that we have been spending a large portion of 
our lives in rehearsing every possible form of words in 
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which everything we can remember can be expressed. 
Here again we have an example of the exaggeration 
which so fatally obscures whatever merit the obser- 
vations of the Behaviourists may possess. 

Besides putting forward theories on a basis of fact all 
too small to support them, the Behaviourists also put 
forward theories which are opposed to direct experience. 
They deny obvious facts. Thus they deny that we can 
form images in our minds—visual, auditory, and so on. 
Those of us who are strong visualizers, or who take 
pleasure in mentally ‘ hearing’ favourite musical works, 
know that this statement is merely untrue. Indeed 
Behaviourism, when applied to all but very simple 
mental processes, is so inadequate as to be uninteresting. 


§ 4 


Behaviourism, it may be said, suffers from the paucity 
of its initial assumptions; it oversimplifies the mind. 
We can hardly say the same about that other great 
group of theories called Psycho-Analysis. The chief 
interest of Psycho-Analysis, as a general psychological 
theory, resides in its assumptions, and of these the chief 
is its assumption of the existence of what it calls the 
‘ Unconscious.’ We are to suppose that, besides the 
mental processes of which we are aware, there are mental 
processes actively going on of which we are quite un- 
aware. Some of these occurrences can be brought into 
consciousness by a voluntary effort, while others cannot 
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be captured except by the special technique of psycho- 
analysis or some equivalent method. 

That our minds contain elements which are normally 
inaccessible to us was made clear by the phenomena of 
hypnotism. By plunging a man into a state of pro- 
found hypnosis he could be made to remember events 
which had long vanished from his normal mind, and 
which he was quite unable to recover by ordinary 
voluntary effort—events belonging, for example, to his 
very early childhood. These memories were only 
accepted by the investigator, of course, after they had 
been subsequently verified. On _ recovering from 
hypnosis the patient had again lost all memory of 
these early events and, indeed, of everything that 
took place during his trance. But if, during hypnosis, 
the patient was told that he must remember these 
events in his normal waking condition, it was found 
that he could do so. Thus memories would be brought 
into the conscious mind which had long been absent 
from it. 

It is not necessary, in order to account for these 
results, to suppose that there are literally unconscious 
memories. We are not forced to conclude that the 
patient has been unconsciously remembering these early 
events all through his life. For those psychologists 
may be right who say that mental events leave ‘ traces ” 
in the brain, and that these traces, in suitable con- 
ditions, can give rise to memories. Traces are not 
themselves supposed to be mental; they may be merely 
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molecular arrangements in certain parts of the brain. 
We may then suppose that, in hypnosis, the patient’s 
body is thrown into a suitable state for these traces to 
produce their appropriate mental effects—the memories. 
Thus this evidence would not, by itself, require us to 
believe that there are literally unconscious mental 
events or processes. 

The matter is somewhat more complicated when we 
consider some other phenomena of hypnotism. Thus 
a man under hypnosis may be told that he cannot bend 
his arm. Sometimes he says, ‘I know I can’t,’ and 
does not even try. At other times he iries without suc- 
ceeding. But the point is that he is not trying with an 
undivided will. He has accepted the hypnotist’s sug- 
gestion, and he intends, * at bottom,’ as it were, to keep 
his arm straight. A similar state of affairs in the normal 
state is given by William James. ‘ Try to feel as if 
you were crooking your finger, whilst keeping it straight. 
In a minute it will fairly tingle with the imaginary 
change of position; yet it will not sensibly move, 
because it’s not really moving is also a part of what you 
have in mind.” We might suppose, therefore, that the 
hypnotized person is unable to bend his arm simply 
because he is playing a game with himself. But as 
against this, we have the fact that the suggestion can 
be prolonged into his waking life. He now tries to 
bend his arm with all his conscious will, and finds that 
he cannot. If we still suppose that, at bottom, he is 
willing to keep his arm straight, then this at-bottom- 
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will is something of which he is not conscious. He is 
unconsciously willing. 

Some of the phenomena of hysteria are still more 
remarkable, and the most striking of these are the cases 
of double personality. In these cases what seem to be 
two entirely different persons alternate in their control 
of the same body. In the cases of what are called co-con- 
sciousness one of these persons is aware of the mental 
processes of the other, although his own mental pro- 
cesses are known only by himself. It may even be that 
he can fill up gaps in the other personality’s conscious 
processes, that is, that he can report mental events of 
which the other personality was unconscious. It has 
even been suggested that in all of us there is another 
personality, aware of our unconscious as well as of our 
conscious processes, but that this second personality 
never, in normal cases, emerges and takes control of the 
body. However this may be, there is sufficient evidence, 
from the well-known phenomena of hypnosis and hysteria, 
to make us willing to lend credence to the hypothesis of 
an unconscious region of the mind. We cannot take the 
further step and say that this unconscious region is 
itself a mind until we find that its structure and opera- 
tions are of the kind that we attribute to a conscious 
mind. It may be, in fact, that the unconscious region 
is too loose and incoherent a collection of mental events 
and processes to be called a mind at all. The most 
thorough-going attempts to obtain knowledge of this 
region have been made by the psycho-analysts. 
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To begin with, Freud, the founder of psycho-analysis, 
used hypnotism in his investigation of the unconscious. 
His teacher, Breuer, had found that hysterical symptoms 
are in some way related to forgotten events in the past 
life of the patient. If these events can be restored to 
consciousness the symptoms disappear. Breuer there- 
fore took advantage of the increased power of memory 
conferred by hypnosis to recover their buried memories. 
At first Freud also used this method, but it could not 
be applied in every case, and Freud determined to dis- 
pense with it. It seemed to Freud that the forgotten 
events had not merely lapsed from the conscious mind, 
but had been forcibly ejected from it, and he found that 
there were forces at work in the patient’s mind which 
offered considerable resistance to the recovery of these 
memories. It occurred to Freud that these two pheno- 
mena sprang from the same cause, that the force which 
had obliterated the forgotten event from the conscious 
mind was the same force that opposed the recovery of 
the memory of that event. 

Thus originated the important psycho-analytic doc- 
trine of repression. If the memory of certain experiences 
would now cause us pain, these experiences have a 
tendency to be repressed into the unconscious region 
of our mind. The unconscious is, indeed, very largely 
populated by elements whose emergence into the con- 
scious mind would be felt as distressing. Thus, besides 
painful memories, we have wishes that we should blush 
to own ; these wishes are repressed into the unconscious. 
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But these wishes are only repressed ; they are not anni- 
hilated. They still have a life of their own, and their 
struggle to emerge into consciousness, against the 
repressing force, may lead to serious conflict. This 
conflict may be so severe as to give rise to hysterical 
symptoms. Dreams, according to Freud, are due to 
struggles of this kind. A dream is, as it were, a disguise 
under cover of which a forbidden element enters con- 
sciousness. ‘These disguises are usually very elaborate. 
What a dream is really *‘ about * can, it appears, only be 
discovered by a process of analysis. Dreams which seem 
perfectly innocuous are shown by the psycho-analyst to 
be, in reality, extremely complicated and misleading 
masks for the most revolting contents. Certain hysteri- 
cal symptoms also are to be interpreted as disguises. 
The general doctrine of repression and unconscious 
wishes applies very well to certain phenomena that 
became very prominent during the war. Many cases 
were known of soldiers who suffered from blindness, 
paralysis, or what not, when there was in fact nothing 
physically wrong with them at all. The old type of 
army doctor concluded, of course, that the men were 
malingering. But it was found, in course of time, that 
such men were not malingering. Their repressed desire 
to escape from the war had seized upon some oppor- 
tunity, provided by some shock, to cause a feigned 
physical disability in order to achieve its purpose. But 
this physical disability was by no means a feigned one 
to the conscious mind. The conscious mind took the 
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feigned disability quite seriously, and only when the 
repressed desire was resurrected could the disability be 
made to disappear. A typical case is that of a young 
officer who fell and bruised his arm. The arm was put 
into a sling, but, when the sling came to be removed, the 
arm was found to be rigid and paralyzed. There could 
be no doubt of the officer’s bona-fides or of the genuine- 
ness of his disability. But under hypnosis it became 
clear that the paralysis had been brought about by the 
officer’s great but repressed fear of returning to duty. 
This fear, repressed into the unconscious, had ensured 
its gratification, as it were, by paralyzing the arm and 
so withdrawing the patient from active service. In this 
case the raising of the repressed impulse to conscious- 
ness was attended by much resistance, and provoked 
passionate outbursts of anger and hatred. Similar 
instances have been reported of paralyzed hands, vocal 
organs, etc., all devices, on the part of the unconscious, 
to withdraw the patient from danger. War-time cases 
of loss of memory also come under this head. 

There is considerable evidence, as we have seen, for 
the existence of the unconscious and for the facts of 
conflict and repression, although it would be by no 
means true to say that these doctrines are universally 
admitted by psychologists. But amongst those who 
accept these doctrines there is considerable disagree- 
ment as to the contents of the unconscious. Freud, as 
is well known, lays immense stress on repressed sexual 
desires. This is very apparent in his analysis of dreams. 
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The ingenuity he displays in giving to a dream a sexual 
significance 1s astonishing. But it is, very often, more 
astonishing than convincing to the normal reader. 

The actual desires which are trying to enter conscious- 
ness in the dream disguise form what is called the 
‘latent content’ of the dream, while the dream as 
remembered is called the ‘ manifest content.” The 
correct interpretation of a dream, the passage from the 
manifest content to the latent content is, it appears, a 
very ticklish business. ‘The masks assumed by the 
desires which are trying to enter consciousness are very 
baffling indeed. Thus it may happen, we are told, that 
a single element in the manifest content stands for 
several elements in the latent content. A dream which 
appears to be about one person may, ‘in reality,’ be 
about several people. And the opposite may occur. 
What appears to be several elements in the manifest 
content may all boil down to one element in the latent 
content when the dream is properly interpreted. 

Another source of confusion is ‘ displacement,’ so 
that a dream which appears to be about one thing is 
really about something quite different. It may even 
happen that your dream emotion is the exact opposite 
of the emotion that inspired the dream. Thus you 
may wake up weeping over the imagined death of some- 
body whom, in your unconscious, you wanted to die. 
The existence of so many possible sources of confusion 
makes it difficult to believe in any interpretation of any 
dream. The interpreter has too many variables to 
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play with. It appears evident that, with a little in- 
genuity, any latent content whatever can be got out 
of any manifest content. 

And, in fact, different analysts would give quite 
different interpretations of the same dream. Freud, 
as we know, would find the dream to be a collection of 
sexual symbols. Adler, who was at one time a psycho- 
analyst, but who has abandoned Freud’s teachings, 
would find the dream an expression of the Will to 
Power. Jung would probably give it yet another inter- 
pretation. It is quite impossible to say that any one 
of these interpretations is more plausible than the 
others. This is distressing if the interpretation of 
dreams is to be considered a science. It is as if different 
analytical chemists arrived at quite different constituents 
for the same chemical compound. It is not surprising, 
therefore, that this part of Freud’s teaching has aroused 
a great deal of scepticism. 

Nevertheless, even an unsympathetic critic must 
admit that, in some cases, dreams have been plausibly 
connected with early sexual experiences. The patient, 
under treatment, could be made to remember and 
describe these. Freud at first took these descriptions 
quite seriously, and was duly impressed by the state 
of social morality revealed by the commonness of these 
stories of childish seduction, etc. Further experience, 
however, convinced him that many of these stories are 
mere fantasies, invented by the patient. But this fact, 
too, has its own significance, and Freud expanded his 
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general theory to accommodate it. The theory of 
psycho-analysis is, indeed, a very complicated struc- 
ture, and it is just this richness of hypothesis that, for 
many minds, detracts so greatly from its credibility. 

A good instance of this fertility in theory-making is 
provided by Freud’s theory of the Libido. The term 
Libido is thus defined by Freud : 


‘We call by that name the energy of those in- 
stincts which have to do with all that may be com- 
prised under the word “love.” The nucleus of 
what we mean by love naturally consists ... in 
sexual love with sexual union as its aim. But we do 
not separate from this . .. on the one hand, self- 
love, and on the other, love for parents and children, 
friendship and love for humanity in general, and 
also devotion to concrete objects and to abstract 
ideas. Our justification lies in the fact that .. . all 
these tendencies are an expression of the same in- 
instinctive activities; in relations between the sexes 
these instincts force their way towards sexual union, 
but in other circumstances they are diverted from 
their aim or are prevented from reaching it, though 
always preserving enough of their original nature to 
keep their identity recognizable (as in such features 
as the longing for proximity and self-sacrifice).’ 


This highly general concept, the Libido, is supposed 
to pass through various stages of development. In 
the very young infant it is associated with the nutri- 
tional process. For, according to Freud, the infant 
sucking at the mother’s breast is, besides satisfying its 
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hunger, also experiencing a sort of sexual pleasure. It 
is for this reason that it likes sucking its thumb or other 
non-nutritious object. Later on in the child’s history 
the Libido becomes associated with the act of excretion, 
and still later on, if all goes well, it is transferred to 
the organs of generation. ‘Thus what we call the sexual 
instinct is not something new that emerges for the 
first time at a certain age ; it is merely a different bodily 
localization of something that has been present from 
the beginning. But besides the change in bodily 
localization the Libido also undergoes development with 
respect to the objects towards which it is directed. 
At first the object of the Libido is the child’s own body. 
This is the ‘ Narcissistic’ stage. Later on the parents, 
and then brothers and sisters, become the objects 
towards which the Libido is directed. Further develop- 
ment, if normal, transfers the Libido to objects in the 
outer world, outside the family. 

In many cases, however, the development of the 
Libido has’ not been normal. Any one of the libidinal 
impulses may be arrested at some point in this process. 
Such an arrest is called a ‘ fixation.” A diminished 
volume of Libido is then available for future develop- 
ment, and this diminished energy is so much the less 
likely to achieve satisfaction in adult life. It is very 
hard, in any case, in modern social and cultural con- 
ditions, to achieve as full a love-life as one would desire. 
Most people encounter ‘ privation’; they achieve but 
a limited indulgence of their sexual desires. And when 
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the libidinal energy has been diminished by fixation the 
resulting conflict may have serious consequences. ‘The 
thwarted libidinal energy undergoes ‘regression,’ it 
flows back to the points of fixation, and so revives 
desires and impulses appropriate to an earlier age. 
Freud illustrates the idea by an analogy : 

‘If you think of a migrating people who have left 
large numbers at the stopping-places on their way, you 
will see that the foremost will actually fall back upon 
these positions when they are defeated or when they 
meet with an enemy too strong for them. And, again, 
the more of their number they leave behind in their 
progress, the sooner will they be in danger of defeat.” 


In an individual who does not permit these revived 
childish desires to achieve satisfaction the libidinal 
impulse may be driven right back into the unconscious 
and, working there, provoke hysterical symptoms and 
thus achieve a sort of satisfaction in a disguised form. 
In people who do not develop a neurosis in consequence 
of privation, the Libido appears to be more mobile, as 
it were, and can be diverted to substitute objects. The 
most important form of substitution is * sublimation’ 
whereby art, science, social reform, or what not, becomes 
the object of the thwarted Libido. But sublimation, we 
are told, can never carry off the whole of the Libido, and 
those people who have achieved it are often unhappy, 
dissatisfied, eccentric. 

This Libido theory is very representative of the fertile 
imagination that has built up psycho-analysis. It is a 
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plausible, fluent structure, and yet the facts on which 
it is built admit of entirely different interpretations. 
This is sufficiently proved by the existence of rival 
systems, of which those of Jung and Adler are probably 
the best known. Jung also postulates something he 
calls Libido, but his Libido is quite different from that 
of Freud. According to Jung the Libido is an undifferen- 
tiated primal life-force from which all the instincts 
derive. In the infant it assumes the form of the instinct 
of nutrition. It is only much later that it assumes the 
sexual form. Then he denies that the unconscious is a 
region inhabited by desires which have been repressed 
after conflict. The unconscious, according to Jung, 
arises aS a consequence of the individual’s one-sided 
mental growth. Jung, besides many _ subdivisions, 
divides people into two main classes, extroverts and 
introverts. In extroverts feeling is more developed than 
thought ; in introverts thought is more developed than 
feeling. In each case the neglected potentialities tend 
to become unconscious. If, now, the introvert is faced 
by a situation that demands feeling rather than thought, 
a conflict is set up in him which may lead to a neurosis. 
And the same thing may happen to the extrovert when 
more thought than feeling is required. Jung, therefore, 
does not look to the patient’s past life for the causes of 
his neurosis. Rather, he endeavours to discover what 
the present task is that the patient is shirking, and then 
tries to elicit those buried resources in his unconscious 
that will enable him to deal with it. And naturally, 
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with this outlook, Jung gives an entirely different inter- 
pretation of dreams. He believes that dreams reveal 
the attitude of the unconscious towards the tasks of 
life. 

Adler’s interpretation is again different, but is equally 
plausible. Adler sees the driving force of life as the 
urge to acquire power and superiority over one’s fellows. 
This outlook enables Adler to give analyses which are 
quite as convincing and penetrating as those that follow 
from entirely different theories. Thus we all know the 
invalid who, thwarted in his desire to obtain power and 
superiority by normal means, uses his very disability to 
dominate and tyrannize over the whole household. 
Where Freud finds a sexual content in a neurotic fantasy, 
Adler has no difficulty in finding yet another illustration 
of his will-to-power theory. Besides rejecting Freud’s 
Libido, Adler also ignores the unconscious and makes 
no use of the notion of repression. Thus, although he 
started as a psycho-analyst, Adler no longer has any 
resemblance to one, since he has rejected the very 
foundations of Freud’s theory. 

Other break-aways from Freud’s doctrines, more or 
less thorough, could be enumerated. In fact, psycho- 
analysis bids fair to rival Christianity in the number of 
its sects. And, like the Christian sects, all forms of 
psycho-analysis boast a comprehensive and adequate 
outlook, and can point to an impressive list of spiritual 
and bodily cures in proof of the efficacy of their 
teachings. As a science, therefore, any form of psycho- 
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analysis is in an unsatisfactory position. It cannot 
appeal to results as a proof of its theory, for those results, 
the cures it effects, can be obtained equally well by an 
entirely different theory. The theories therefore are 
not to be judged by the results. It follows that they 
can only be judged by their initial probability. And 
here we encounter the difficulty that nearly all forms of 
psycho-analysis sound equally probable. Perhaps a 
difference should be made here in favour of those theories 
which accept an unconscious as against those that do 
not. The concept of the unconscious is certainly im- 
portant, but it existed long before psycho-analysis was 
thought of. So far as psycho-analysis has introduced 
anything new, it is debatable. 

There are other psychological theories that could be 
discussed, such as the Gestalt theory to which we referred 
earlier, but there is nothing in these theories that seri- 
ously modifies our conviction that psychology is not yet 
a science. Other studies, such as sociology, economics, 
and so on, also have, from the scientific point of view, 
something unsatisfactory about them. Science is at its 
strongest in dealing with the material universe. Its 
pronouncements on other matters are relatively weak 
and hesitating. 


CHAPTER VI 


THE LIMITATIONS OF SCIENCE 


§ 1 


WE have seen that the scientific account of our universe 
appears clearest and most convincing when it deals with 
inanimate matter. Here we feel that the account is 
relatively satisfactory because it does, on the whole, 
meet the kind of interest we take in these phenomena. 
The age, position, size, velocity, chemical constitution 
of a star is, for instance, the kind of information we 
want about a star. And to be told that matter consists 
of little electrified particles arranged with respect to 
one another in certain ways makes us feel that our 
curiosity about matter has very largely been met. 

But when we come to the sciences dealing with life, 
the state of affairs is less satisfactory. Many of the 
questions that seem to us quite fundamental have not 
been met. What, for instance, makes us regard a living 
organism as a whole, and not merely as the sum of its 
parts ? What does this vague notion of * wholeness ° or 
‘ individuality ’ really amount to? Even if every bodily 
activity of the animal was explained in terms of physical 
and chemical changes, we should still feel that our 


question was unanswered unless what appears as the 
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purposive order of those changes was also accounted for. 
But ‘* purpose’ is not yet a scientific notion. It is not 
employed in the physical and chemical sciences, and the 
majority of biologists or, at least, of physiologists, are 
reluctant to introduce any ideas which have not been 
found necessary in these sciences. This is doubtless an 
excellent procedure so far as certain limited classes of 
problems are concerned, but it also seems to lead to the 
consequence that the most obvious and fundamental 
problems of biology are not even approached. The case 
has been put forcibly but fairly, by Professor Whitehead. 
Speaking of the application of the notions of physics 
and chemistry to life he says : 


‘The brilliant success of this method is admitted. 
But you cannot limit a problem by reason of a method 
of attack. The problem is to understand the opera- 
tions of an animal body. There is clear evidence that 
certain operations of certain animal bodies depend 
upon the’ foresight of an end and the purpose to 
attain it. It is no solution of the problem to ignore 
this evidence because other operations have been 
explained in terms of physical and chemical laws. 
The existence of a problem is not even acknowledged. 
It is vehemently denied. Many a scientist has 
patiently designed experiments for the purpose of 
substantiating his belief that animal operations are 
motivated by no purposes. He has perhaps spent his 
spare time in writing articles to prove that human 
beings are as other animals so that “ purpose” is a 
category irrelevant for the explanation of their bodily 
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activities, his own activities included. Scientists 
animated by the purpose of proving that they are 
purposeless constitute an interesting subject for 
study. | 
Another reason for the extrusion of final causatio 

is that it introduces a dangerous mode of facile 
explanation. This is certainly true. The laborious 
work of tracing the sequence in physical antecedents 
is apt to be damaged by the facile suggestion of a 
final cause. Yet the mere fact that the introduction 
of the notion of final causation has its dangers is 
no reason for ignoring a real problem. ven if heads 
be weak, the problem remains.’ 


Whitehead’s indictment certainly seems to be justified. 
Again and again we have the feeling that the primary 
concepts used by biologists are inadequate to their 
most important problems. The great theory of natural 
selection, for example, when studied in detail, is full of 
lacunae. Instead of the natural and ready assent one 
gives to a demonstration in physics, for example, one has 
to make a really immense effort to believe, even for a 
moment, that the whole evolution of living forms on 
this planet has come about by ‘random variations ’ 
and the struggle for existence. It does not in the least 
explain the most obvious fact about the whole process, 
that is, the upward tendency of living things. If mere 
survival is the sole desideratum, then it would seem that 
some rudimentary type of organism would be all that is 
needed. And there would seem no reason why even a 
rudimentary type of organism should appear, since it, 
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could not hope to rival in longevity the everlasting 
rocks. 

We have the impression that it is only by an extra- 
ordinary act of faith that biologists can suppose that 
the actual progress of life can be explained in the terms 
they adopt. There are many biologists, of course, who 
deny that such an explanation is possible. They have 
introduced such notions as ‘ vital force,’ ‘ entelechy,’ 
‘notism,’ and so on, but they have not succeeded in 
making such terms definite enough for scientific purposes. 
But such terms testify to a conviction that the present 
primary concepts of biology are inadequate. 

We find a similar groping after some new conception 
in a speculation thrown out by one of the most brilliant 
of the younger biologists, J. B. S. Haldane : 


‘I imagine that associated with an evolving line 
there may be some “ emergent,” just as mind is 
associated with brain. Royce (1901) tried to give a 
concrete picture of such an emergent as a mind with 
a vast time-scale, and suggested that the intense 
feelings associated with reproduction were in that 
mind as well as our own. If there is an element of 
truth in such speculations, I question whether such 
an emergent should be regarded as probably mind- 
like. . . . My suspicion of some unknown type of 
being associated with evolution is my tribute to its 
beauty, and to that inexhaustible queerness which is 
the main characteristic of the universe that has im- 
pressed itself on my mind during twenty-five years of 
scientific work.’ 
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Psychology, contrasted with the physical sciences, 
seems even more inadequate. The psychological theory 
that sticks most closely to the terms of mechanics is 
Behaviourism, and we have seen that that theory is 
hopelessly inadequate. Psycho-analysis, it is true, intro- 
duces primary concepts which are not mechanical, but 
these concepts are far too vague and indefinite to be 
called scientific. Such a concept as Freud’s Libido, for 
example, is called upon to explain so much that it 
explains nothing. So far as a scientific explanation 
is concerned, no more is gained by saying that the 
most amazingly diverse manifestations all come about 
through the Libido than by saying that they all come 
about through the Will of God. The explanation 
admittedly explains everything—and therefore explains 
nothing. 

We conclude, therefore, that it is only in the sciences 
dealing with inanimate matter that a reasonably ade- 
quate set of primary concepts has yet been isolated. 
We say ‘reasonably adequate’ because in Relativity 
and Quantum theory, even these concepts are under- 
going extensive revision. Nevertheless, they have been 
a tremendous success over three centuries, and it is 
doubtless owing to this success that scientific men have 
been led to adopt them in fields where they would not, 
perhaps, naturally suggest themselves. What are these 
concepts, and how were they isolated? The answer to 
this question will enable us to realize the nature and 
limitations of the scientific method, and also show us 
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how baseless is the hope that these concepts will ever 
suffice to cover the whole of experience. 


§ 2 


Scientific method, as we see from the work of its 
founders, Copernicus, Kepler, Galileo, began by quite 
consciously and deliberately selecting and abstracting 
from the total elements of our experience. From the 
total wealth of impressions received from nature these 
men fastened upon some only as being suitable for 
scientific formulation. These were those elements that 
possess quantitative aspects. Between these elements 
mathematical relations exist, and these men were con- 
vinced that mathematics is the key to the universe. 
It is interesting, in view of its immense importance, to 
know how they came by this belief, for it was by no 
means a general persuasion. It was not part of the 
dominant Aristotelianism of their time. It seems to 
have been in part due to an innate prejudice, very 
proper to born mathematicians, and in part to the neo- 
Platonic philosophy that was prevalent, at that time, 
in South Europe. This philosophy contained import- 
ant Pythagorean elements, and gave to the mathe- 
matical aspects of the universe a much more exalted 
position than they occupied in the current Aristotelian 
outlook. Copernicus became acquainted with this 
philosophy during his stay in Italy, and also with the 
fact. that some of the ancient Greek philosophers had 
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put forward the hypothesis that the earth was in motion. 
Being led, in this way, to take the sun as his centre of 
reference, Copernicus found, as we have already said, 
that a great harmony was bestowed on the motions of 
the heavenly bodies. With the incorrect ideas of 
dynamics prevalent at the time, Copernicus’ theory was 
open to grave objections. As a physical explanation of 
phenomena it was certainly no better than the Ptole- 
maic theory. Nevertheless, Copernicus was confident 
that its superior aesthetic charm would be sufficient to 
commend it to mathematicians. 

This expectation was justified. We have already 
given a quotation from Kepler which shows how greatly 
the aesthetic charm of the new theory appealed to him. 
To the mind of Kepler, however, the claims of the theory 
were greatly reinforced by the dignified position it gave 
to the sun, for Kepler, in a vague and mystical fashion, 
was a sun-worshipper. This very unscientific attitude 
may be illustrated by a quotation from what was pro- 
bably an early lecture : 

‘In the first place, lest perchance a blind man 
might deny it to you, of all the bodies in the universe 
the most excellent is the sun, whose whole essence is 
nothing else than the purest light, than which there 
is no greater star ; which singly and alone is the pro- 
ducer, conserver, and warmer of all things; it is a 
fountain of light, rich in fruitful heat, most fair, 
limpid, and pure to the sight, the source of vision, 
portrayer of all colours, though himself empty of 
colour, called king of the planets for his motion, 
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heart of the world for his power, its eye for his beauty, 
and which alone we should judge worthy of the Most 
High God, should he be pleased with a material domi- 
cile and choose a place in which to dwell with the 
blessed angels. . . . Since, therefore, it does not 
befit the first mover to be diffused throughout an 
orbit, but rather to proceed from one certain principle, 
and as it were, point, no part of the world, and no 
star, accounts itself worthy of such a great honour ; 
hence by the highest right we return to the sun, 
who alone appears, by virtue of his dignity and 
power, suited for this motive duty and worthy to 
become the home of God himself, not to say the 
first mover.” 


Thus Kepler’s acceptance of the Copernican theory 
was very largely due to motives that we should now 
regard as quite unscientific. Kepler had a preconceived 
idea as to the sort of thing the universe is. He did not 
approach the facts with the docility and lack of pre 
judice that is proper to the ideal scientific investigator. 
His deepest conviction was that nature is essentially 
mathematical, and all his scientific life was an endeavour 
to discover nature’s hidden mathematical harmonies. 
Galileo, also, had no doubt that mathematics is the one 
true key to natural phenomena. It was this persuasion 
that gave these men their criterion for selection amongst 
the total elements of their experience. They confined 
their attention to those elements amongst which mathe- 
matical relations exist. Bodies, for instance, have for 
their measurable aspects size, shape, weight, motion. 
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Such other characteristics as they possess were regarded 
as belonging to a lower order of reality. The real world 
is the world of mathematical characteristics. In fact, 
our minds are so constructed, Kepler said, that they 
can know nothing perfectly except quantities. 

With Galileo this separation of the mathematical 
from the other qualities became a perfectly clear and 
definite doctrine. Kepler had supposed that the non- 
mathematical qualities actually did belong to bodies, 
but that they were somehow less real. Galileo went 
further than this, and stated that the non-mathematical 
properties are all entirely subjective. They have no 
existence at all apart from our senses. Thus colours, 
sounds, odours, and so on exist, as such, wholly in our 
minds. ‘They are, in reality, motions of some kind or 
another in the external world, and these motions, im- 
pinging on our senses, give rise to these sensations of 
colour, sound and so on. Itis the mind that peoples 
the world with the songs of birds, the colours of the 
sunset, etc. In the absence of mind the universe would 
be a collection of masses of various sizes, shapes, and 
weights, drifting, without colour, sound, or odour, 
through space and time. As the doctrine has turned 
out to be so immensely important, we may give Galileo’s 
own exposition of it. After explaining that what we 
perceive as heat is really a species of motion in the 
heated body, he goes on : 


‘ But first I want to propose some examination of 
- that which ‘we call heat, whose generally accepted 
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notion comes very far from the truth if my serious 
doubts be correct, inasmuch as it is supposed to be a 
true accident, affection and quality really residing in 
the thing which we perceive to be heated. Never- 
theless I say, that indeed I feel myself impelled by 
the necessity, as soon as I conceive a piece of matter 
or corporeal substance, of conceiving that in its own 
nature it is bounded and figured in such and such 
a figure, that in relation to others it is large or small, 
that it is in this or that place, in this or that time, 
that it is in motion or remains at rest, that it touches 
or does not touch another body, that it is single, few, 
or many: in short by no imagination can a body be 
separated from such conditions: but that it must 
be white or red, bitter or sweet, sounding or mute, 
of a pleasant or unpleasant odour, I do not perceive 
my mind forced to acknowledge it necessarily accom- 
panied by such conditions ; so that if the senses were 
not the escorts, perhaps the reason or the imagination 
by itself would never have arrived at them. Hence 
I think’ that these tastes, odours, colours, etc., on 
the side of the object in which they seem to exist, 
are nothing else than mere names, but hold their 
residence solely in the sensitive body; so that if 
the animal were removed, every such quality would 
be abolished and annihilated. Nevertheless, as 
soon as we have imposed names on them, par- 
ticular and different from those of the other primary 
and real accidents, we induce ourselves to believe 
that they also exist just as truly and really as the 
latter. 

I think that by an illustration I can explain my 
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meaning more clearly. I pass a hand first over a 
marble statue, then over a living man. Concerning 
all the effects which come from the hand itself, they 
are the same whether on the one or on the other 
object—that is, their primary accidents, namely 
motion and touch (for we call them by no other 
names)—but the animate body which suffers that 
operation feels various affections according to the 
different parts touched, and if the sole of the foot, 
the knee-cap or the armpit be touched, it perceives 
besides the common sense of touch, another affection, 
to which we have given a particular name, calling it 
tickling. Now this affection is all ours, and does 
not belong to the hand at all. And it seems to me 
that they would greatly err who should say that the 
hand, besides motion and touch, possessed in itself 
another faculty different from these, namely the 
tickling faculty ; so that tickling would be an accident 
that exists in it. A piece of paper, or a feather, 
lightly rubbed on whatever part of your body you 
wish, performs, as regards itself, everywhere the same 
operation, that is, movement and touch; but in us, 
if touched between the eyes, or on the nose, and under 
the nostrils, it excites an almost intolerable tickling, 
though elsewhere it can hardly be felt at all. Now 
this tickling is all in us, and not in the feather, and 
if the animate and sensitive body be removed, it is 
nothing more than a mere name. Of precisely a 
similar and not greater existence do I believe these 
various qualities to be possessed, which are attri- 
buted to natural bodies, such as tastes, odours, 
colours, and others.’ 
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We are not here concerned to discuss the validity of 
this division into primary and secondary qualities, but 
merely to show the réle it played in the formation of the 
scientific outlook. We may mention, however, that it 
has been attacked, philosophically, in two ways. It 
has been denied, on the one hand, that the primary 
qualities are any less ‘ subjective’ than the secondary 
qualities. Both sets of qualities, it has been argued, 
depend on the mind, and cannot be conceived as exist- 
ing apart from the mind. On the other hand, it has 
been denied that the secondary qualities are any less 
‘ objective ° than the primary qualities. Each of these 
arguments denies that primary qualities are any more 
‘real’ than secondary qualities, although it may be 
true that only the primary qualities are susceptible of 
mathematical treatment. But the Galilean doctrine, 
which became part of the general scientific outlook, 
maintains that the primary qualities alone are real— 
the other$ are in some sense illusory. 

With this reduction of the real world to colourless, 
soundless, odourless bodies in motion, the notions of 
space and time underwent a profound change. To the 
mediaeval philosophers the temporal process was the 
transformation of potentiality into actuality. The 
purpose of everything was to reach a higher state of 
being, culminating in union with God. The whole of 
the past, up to the present moment, was the ground 
already won, as it were. As the process continues, the 
ground won increases; the future is being drawn into 
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the present. This process goes on until the final cul- 
mination is reached, when time stands still. We see 
how different is this notion of time from the mathematical 
time introduced by Galileo. Time, as it appears in 
science, may be likened to an ever-moving mathematical 
point. The present moment, which has no finite dura- 
tion, is merely a boundary point between a vanished 
past and a non-existent future. Time, conceived in 
this way, can be represented very simply mathematically 
as a Straight line, successive points on the line represent- 
ing successive instants of time. This conception has 
hitherto proved quite adequate for the needs of science, 
and has therefore been generally adopted. Philo- 
sophically, however, it has brought in its train a host of 
unsolved puzzles, and there can be little doubt that a 
new conception of time will have to be formulated. 
Even science itself is now giving hints that this may be 
necessary. 

With this change in the notion of time comes a corre- 
sponding change in the notion of cause. When all 
things were regarded as moving towards union with 
God, then union with God was regarded as the final 
cause of all change. The cause of a process was to be 
found in the end towards which it tended. The reason 
why things happened was to be found in the purpose 
the happening served. With the new notion of time 
the future, being non-existent, had no influence on 
present happenings. The cause of anything happen- 
ing now was to be found in its immediate past. Further, 

O 
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all that really happens are motions—motions of the 
constituent particles of the bodies forming the real 
world. And these motions are themselves the pro- 
ducts of preceding motions. Galileo also believed that 
there are ‘ forces,’ which are revealed by motions, but 
as to the nature of force he refrained from speculating. 

We see that the scientific outlook, as presented by 
Galileo, constitutes a really amazing revolution in 
thought. The vivid world of the mediaevalist, a world 
shot through with beauty and instinct with purpose, 
a world having an intimate relation to his own destiny 
and an intelligible reason for existing in the light of 
that destiny, is dismissed as an illusion. It has no 
objective existence. The real world, as revealed by 
science, is a world of material particles moving, in 
accordance with mathematical laws, through space and 
time. 

The early creators of science did not assume that this 
real world. was also purposeless. Although God was no 
longer invoked as the final cause of phenomena, He was 
still given an important rodle as the initiator of the 
whole process. But, having made matter with its 
properties, he then left the world to develop according 
to the laws of mathematical necessity. In course of 
time it came to be considered unnecessary to invoke 
God even for this purpose, and the way was clear for 
thorough-going materialism. That this doctrine was 
made plausible by scientific researches is the greatest 
possible testimonial to the ‘ humanistic’ importance of 
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science. We have seen what the mediaeval outlook was 
in essentials. The essentials of the materialistic out- 
look may be given in the words of Bertrand Russell : 


‘That man is the product of causes which had no 
prevision of the end they were achieving; that his 
origin, his growth, his hopes and fears, his loves and 
beliefs, are but the outcome of accidental collocations 
of atoms; that no fire, no heroism, no intensity of 
thought and feeling, can preserve an individual life 
beyond the grave; that all the labours of the ages, 
all the devotion, all the inspiration, all the noonday 
brightness of human genius, are destined to extinction 
in the vast death of the solar system, and that the 
whole temple of Man’s achievement must inevitably 
be buried beneath the debris of a universe in ruins— 
all these things, if not quite beyond dispute, are yet 
so nearly certain, that no philosophy which rejects 
them can hope to stand.’ 


This astonishing change in outlook has been brought 
about by assuming that, of all the elements of our total 
experience, only those elements which acquaint us 
with the quantitative aspects of material phenomena 
are concerned with the real world. They alone refer to 
an objective world. None of the other elements of our 
experience, our perceptions of colour, etc., our response 
to beauty, our sense of mystic communion with God, 
have an objective counterpart. All these things, which 
are ultimately products of the motions of little particles, 
are illusory in the sense that they do not acquaint us 
with the nature of objective reality. Our knowledge 
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of the little particles, itself, of course, a product of their 
motions, is the only result of their activities which is 
not illusory in this sense. But the materialistic doctrine 
had not reached this baffling stage of development in 
the early days of science. Secondary qualities had been 
classed as objective, but men continued to argue as if 
God and His purposes were still part of reality. 

A further step towards separating the quantitative 
from the other features of perception was made by 
Descartes. He regarded extension as the one essential 
property of material bodies, and he invented an ether 
to whirl them about in order to account for such pro- 
perties as weight, velocity, etc. This part of Descartes’ 
work, which was subjected to a deadly analysis by 
Newton, is of no scientific importance. But what is 
of importance is the division he made between this 
extended world and the unextended world of mind. It 
was quite clear to Descartes that man has a mind. 
Cogito, engo sum. But this mind he regarded as com- 
pletely unextended—the notion of spatial magnitude 
could not be applied to it. It was in this mind that all 
the secondary qualities existed—indeed all qualities 
except the quality of extension. The division between 
mind and matter was made complete. It became a 
puzzle, therefore, to know how matter could act on such 
a mind, producing feelings, sensations, etc., and how the 
mind could know anything of such a material world. 
Descartes could say no more than that God had made 
this interaction possible. 
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Descartes carried the theory that the real world is a 
world of mathematical characteristics as far as it could 
go. In fact, he taught that the only properties inherent 
in matter itself are geometrical properties. Other pro- 
perties, such as mass and weight, were vaguely accounted 
for by an imaginary ‘ether.’ His doctrine that the 
mind, itself non-spatial, influenced the body through the 
brain, was popularized to mean that the mind is located 
in some small region of the brain. Amongst the English 
writers Hobbes objected to this dualism, and proposed 
to abolish the mind as an independent reality, main- 
taining that everything, thought included, was _pro- 
duced by bodies in motion. More, a writer who 
influenced Newton, made the different objection that 
nothing that exists can be conceived as non-extended. 
He regarded the mind as able to fill the body and 
even, on occasion, to protrude from it as a sort of 
effluvium all round it. The mind of God, in par- 
ticular, is to be regarded as infinitely extended 
throughout space and time. But all these ideas 
may be regarded as more philosophical than scientific. 
Their influence in forming the scientific outlook was 
only indirect, and it was not permanent. 


§ 3 


We have seen that, so far, the developing scientific 
outlook owed its main features to the predilections of 
the mathematician. And the main assumption of the 
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philosophy accompanying this scientific achievement 
is that the real may be identified with the quantitative. 
Compared with the fully developed modern scientific 
outlook, we see that these early men of science were 
too prone to legislate for the universe on the basis of 
certain a priori assumptions—assumptions which were 
really expressions of their dominating mathematical 
predilections. The modern outlook differs from theirs 
by the more tentative character of its assumptions. 
Although mathematics has hitherto proved itself by far 
the most powerful tool for the scientific investigation of 
nature, it is no longer an article of belief that nature is 
necessarily mathematical. We now realize that mathe- 
matical deductions, however rigorous, must always be 
checked by experiment. Even Galileo, who strikes us 
as the most modern of all these early workers, tells us 
that often he did not consider experimental checks on 
his mathematical reasoning to be necessary, and under- 
took the experiments solely in order to convince his 
opponents. The first perfect fusion of the mathe- 
matical with the empirical outlook was accomplished by 
Isaac Newton. 

Newton was not the first, of course, to realize the 
need of experiment. All his predecessors had realized 
this to some extent, and such men as Gilbert, Harvey, 
Boyle, were complete empiricists. But Newton was the 
first who ideally combined, in his own method, the two 
ways of approach. This combination was so unusual 
that none of his contemporaries understood it. It is 
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still unusual in practice, although recognized as the 
ideal scientific method in theory. Mathematicians are 
still prone to have what the experimentalists consider 
an excessive confidence in their mathematical deduc- 
tions, and the experimentalist sometimes seems to the 
mathematician to display an unnecessary degree of 
caution. Newton not only combined the attitude of 
both types; he also combined their powers. He was 
not only a supreme mathematician ; he was also a great 
experimentalist. 

Newton starts with no a priori ideas about the con- 
stitution of the world. He does not regard the world as 
necessarily mathematical, although the successes achieved 
by his predecessors show that mathematics is a very hope- 
ful tool to employ. He tells us, in the Principia, that he 
has adopted the mathematical method of approach, and 
that it has led him to certain principles. But, unlike 
his great predecessors, he does not assume that mathe- 
matics is the one key to reality. He says: ‘I hope the 
principles here laid down will afford some light either 
to that or some truer method of philosophy.” Having 
decided, in view of its proved efficacy, to employ the 
mathematical method, he employs it with certain safe- 
guards. He says: ‘ All the difficulty of philosophy 
seems to consist in this—from the phenomena of 
motions to investigate the forces of nature, and then 
from these forces to demonstrate the other phenomena.’ 
Newton’s method sounds to us nowadays perfectly 
obvious. He starts by investigating experimentally 
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a simple group of phenomena and _ disentangling 
from them their quantitative relations. He then 
deduces the mathematical consequences of these re- 
lations. These deductions, if correct, will cover the 
behaviour of phenomena over a wider field. Newton 
accordingly brings these phenomena to the _ experi- 
mental test, to see if his deductions are confirmed. 
He has no a priori standpoint from which he 
legislates for nature. Experiment is the final test. 
A fuller exposition of his method may be given in his 


own words : 


‘ As in mathematics, so in natural philosophy, the 
investigation of difficult things by the method of 
analysis, ought ever to precede the method of com- 
position. This analysis consists in making experi- 
ments and observations, and in drawing general 
conclusions from them by induction, and admitting 
of no objections against the conclusions, but such 
as are tgken from experiments or other certain truths. 
For hypotheses are not to be regarded in experimental 
philosophy. And although the arguing from experi- 
ments and observation by induction be no demon- 
stration of general conclusions; yet it is the best 
way of arguing which the nature of things admits of, 
and may be looked upon as so much the stronger, by 
how much the induction is more general. And if no 
exceptions occur from phenomena, the conclusion may 
be pronounced generally. But if at any time after- 
wards any exception shall occur from experiments, it 
may then begin to be pronounced with such excep- 
tions as occur. By this way of analysis, we may 


THE LIMITATIONS OF SCIENCE 217 


proceed from compounds to ingredients, and from 
motions to the forces producing them ; and in general, 
from effects to their causes, and from particular causes 
to more general ones, till the argument end in the 
most general. This is the method of analysis; and 
the synthesis consists in assuming the causes dis- 
covered, and established as principles, and by them 
explaining the phenomena proceeding from them, and 
proving the explanations.” 


By ‘ proving the explanations’ Newton means, of 
course, submitting them to the experimental test. 

Although Newton did not share the mathematical 
a priortism of his predecessors, he shared their other 
assumptions. Like them, he dispensed with final causes, 
and found the cause of a phenomenon in its immediately 
preceding physical conditions. Also, he proceeded as 
if science formed a self-enclosed system, that is to say, 
as if a complete account of phenomena could be given 
in the terms mass, velocity, force, etc., which science 
had isolated, and without bringing in such concepts as 
beauty, purpose, etc., which did not form part of the 
scientific outlook. It is not possible to say that Newton 
held these opinions dogmatically, since he himself said 
that science, in the mathematical form it had assumed, 
was an adventure, which might have to be replaced by 
a truer method. But for practical working purposes he 
certainly made these assumptions, and his immense 
success caused these assumptions to be unquestioningly 
accepted by the whole scientific world. Newton also 
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accepted the doctrine of the subjectivity of secondary 
qualities. He says: 


‘If at any time I speak of light and rays as coloured 
or endued with colours, I would be understood to speak 
not philosophically and properly, but grossly, and 
according tosuch conceptions as vulgar people in seeing 
all these experiments would be apt to frame. For 
the rays to speak properly are not coloured. In them 
there is nothing else than a certain power and disposi- 
tion to stir up a sensation of this or that colour. For 
as sound in a bell or musical string or other sounding 
body, is nothing but a trembling motion, and in air 
nothing but that motion propagated from the object, 
and in the sensorium °tis a sense of that motion under 
the form of sound; so colours in the object are 
nothing but a disposition to reflect this or that sort 
of rays more copiously than the rest ; in the rays they 
are nothing but their dispositions to propagate this 
or that motion into the sensorium, and in the sen- 
sorium they are sensations of those motions under 
the forms of colours.’ 


Newton also accepted the idea that the mind is 
located somewhere in the brain—the sensorium. But 
he did not, as some of his followers did, regard man as 
a sort of irrelevant and accidental product of the vast 
objective mathematical machine that is external nature. 
Newton believed that nature was designed by God, and 
he thought that there were countless evidences to prove 
it. Further, he thought that God every now and then 
made adjustments to the mathematical machine, in 
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order to keep it going. These theological ideas of 
Newton’s are of no great interest to us, for they did not 
long survive. Men came to see that it was not logically 
necessary to postulate a ‘ First Cause,’ nor did they 
find it necessary to suppose that the universe must 
keep going for ever. Even if it be true, as Newton 
supposed, that the universe cannot keep going without 
divine intervention, we have only to accept the alter- 
native, which scientific men are quite willing to do, 
that the universe will not keep going. 

All this part of Newton’s thinking dropped away. 
What remained was his method, and his fundamental 
concepts, mass, force, etc. These concepts, as he 
defined them, came to be regarded as ultimate and 
exhaustive. It was believed that every phenomenon 
would prove to be explicable in terms of these concepts. 
This was, in essentials, the outlook of science for nearly 
two hundred years, and this assumption still profoundly 
colours scientific thinking. 


§ 4 


What is called the modern ‘ revolution’ in science 
consists in the fact that the Newtonian outlook, which 
dominated the scientific world for nearly two hundred 
years, has been found insufficient. It is in process of 
being replaced by a different outlook, and although the 
reconstruction is by no means complete, it is already 
apparent that the philosophical implications of the 
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new outlook are very different from those of the 
old one. 

Science has become self-conscious and comparatively 
humble. We are no longer taught that the scientific 
method of approach is the only valid method of acquir- 
ing knowledge about reality. Eminent men of science 
are insisting, with what seems a strange enthusiasm, 
on the fact that science gives us but a partial know- 
ledge of reality, and we are no longer required to regard 
as illusory everything that science finds itself able to 
ignore. But the enthusiasm with which some men of 
science preach that science has limitations is not really 
surprising. For the universe of science, if accepted 
as the final reality, made of man an entirely accidental 
by-product of a huge mindless, purposeless, mathe- 
matical machine. And there are men of science suffi- 
ciently human to find such a conclusion disconcerting. 
Even the sturdy Victorians who preached the doctrine 
betray at times a despairing wish that things were not 
so. We need not be surprised, therefore, to find that 
the discovery that science no longer compels us to 
believe in our own essential futility is greeted with 
acclamation, even by some scientific men. 

This change in the scientific outlook seems to have 
taken place suddenly. It is not yet sixty years since 
Tyndall, in his Belfast Address, claimed that science 
alone was competent to deal with all man’s major 
problems, and it is not yet twenty years since Bertrand 
Russell, contemplating the scientific answers, said that 
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‘only on the firm foundation of unyielding despair can 
the soul’s habitation henceforth be safely built.” But, 
in truth, so far as these remarks sprang from the con- 
viction that the sole reality is ‘ matter and motion, 
their foundations had already been undermined. The 
attempt to represent nature in terms of matter and 
motion was already breaking down. That attempt 
was at its most triumphant by the end of the eigh- 
teenth century, when Laplace was emboldened to affirm 
that a sufficiently great mathematician, given the dis- 
tribution of the particles in the primitive nebula, could 
predict the whole future history of the world. The 
fundamental concepts isolated by Newton had proved 
themselves so adequate in the applications that had 
been made of them that they were regarded as the key 
to—everything. 

The first indication that the Newtonian concepts 
were not all-sufficient came when men tried to fashion 
a mechanical theory of light. This endeavour led to 
the creation of the ether, the most unsatisfactory and 
wasteful product of human ingenuity that science has 
to show. For generations this monster was elaborated. 
Miracles of mathematical ingenuity were performed in 
the attempt to account for the properties of light in 
terms of the Newtonian concepts. The difficulties 
became ever more heartbreaking until, after the publi- 
cation of Maxwell’s demonstration that light is an 
electromagnetic phenomenon, they seemed to become 
insuperable. But the ether, by this time, had become 
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too complicated to be credible. It was not only com- 
plicated ; it was ugly, and ugliness in scientific theories 
is a thing no scientific man will tolerate if he can pos- 
sibly help it. Copernicus was a true judge of the 
scientific temperament when he showed himself con- 
fident that the aesthetic charm of his theory would 
suffice to enable it to make its way against the in- 
sufferably complicated theory of Ptolemy. The con- 
struction of ethers became a decaying industry, and 
largely because there was so little demand for the 
product. For it had dawned on men of science that 
there was, after all, nothing sacrosanct about the New- 
tonian entities. It might be that his list of ultimates, 
mass, force, and so on, was not exhaustive. Instead 
of reducing electricity to these terms, it might be better 
to add it to the list. This was done. After a certain 
amount of hesitation, and a few last desperate efforts 
to make electricity mechanical, electricity was added 
to the list of irreducible elements. 

This may seem to have been a simple and obvious 
step to take, but it was, in reality, of profound signi- 
ficance. For the Newtonian concepts were all of a 
kind that one seemed to understand intimately. Thus 
the mass of a body was the quantity of matter in it. 
Inertia was that familiar property of matter which 
makes it offer resistance to a push. Force was a notion 
derived from our experience of muscular effort. Of 
course all these concepts, in order to be of use to science, 
had to be given quantitative expression. They entered 
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our calculations as mathematical symbols. Neverthe- 
less, we supposed that we knew the nature of what 
we were talking about. But in the case of electricity 
its nature is precisely what we did not know. Attempts 
to represent it in familiar terms—as a condition of 
strain in the ether, or what not—had been given up. 
All that we knew about electricity was the way it 
affected our measuring instruments. The precise de- 
scription of this behaviour gave us the mathematical 
specification of electricity and this, in truth, was all we 
knew about it. 

It is only now, in retrospect, that we can see how very 
significant a step this was. An entity had been admitted 
into physics of which we knew nothing but its mathe- 
matical structure. Since then other entities have been 
admitted on the same terms, and it is found that they 
play precisely the same role in the formation of scientific 
theories as do the old entities. It has become evident 
that, so far as the science of physics is concerned, we 
do not require to know the nature of the entities we 
discuss, but only their mathematical structure. And, in 
truth, that is all we do know. It is now realized that 
this is all the scientific knowledge we have even of the 
familiar Newtonian entities. Our persuasion that we 
knew them in some exceptionally intimate manner is an 
illusion. So far as the science of physics is concerned, 
the old entities and the new are on the same footing— 
the only aspects of them with which we are concerned 
are their mathematical aspects. 
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With this realization it is no long step to Eddington’s 
position that a knowledge of mathematical structure is 
the only knowledge that the science of physics can give 
us. Of all the philosophical speculations which have 
been hung on to the new physics, this seems to be the 
most illuminating and the best-founded. It seems to 
be true that ‘ exact’ science is a knowledge of what 
Eddington calls ‘ pointer-readings "—the readings on an 
instrument of some kind. We assume, of course, that 
these readings refer to various qualities of the external 
world, but all we actually know about these qualities, 
for the purposes of exact science, is the way they 
affect our measuring instruments. As Eddington! 
Says : 

‘Leaving out all aesthetic, ethical or spiritual 
aspects of our environment, we are faced with qualities 
such as massiveness, substantiality, extension, dura- 
tion, which are supposed to belong to the domain of 
physics. In a sense they do belong; but physics is 
not in’a position to handle them directly. The essence 
of their nature is inscrutable; we may use mental 
pictures to aid calculations, but no image in the mind 
can be a replica of that which is not in the mind. And 
so in its actual procedure physics studies not these 
inscrutable qualities, but pointer-readings which we 
can observe. ‘The readings, it is true, reflect the 
fluctuations of the world-qualities; but our exact 
knowledge is of the readings, not of the qualities, 








1 The Dowitita of Piyeival Science, ‘ Essay in Scianee, Religion 
and Reality.’ 
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The former have as much resemblance to the latter 
as a telephone number has to a subscriber. 


Eddington ! has given a very remarkable illustration 
of this point of view in his extension, to which we have 
already referred, of Linstein’s Relativity Theory. 
Eddington starts with undefinable ‘ point-events.” We 
do not know, and we do not require to know, what 
point-events are. All we know is that it takes four 
numbers to indicate a point-event uniquely —as it 
takes two numbers, the number of the street and the 
number of the house, to indicate a house in New York 
uniquely. Between neighbouring pairs of point-events 
is a relation called the ‘ interval.” Again we do not 
know the nature of this relation, but it has a mathe- 
matical aspect, and this is all we require to know. From 
this primitive material Eddington manages to derive, 
by mathematical analysis, the world of physics, matter 
and its laws. It is true that the derivation is not com- 
plete. The atomic constitution of matter— all the 
quantum phenomena—are left on one side. But all the 
field phenomena of physics, the conservation of mass 
and energy, the laws of gravitation and electricity, 
emerge as necessary consequences of the elementary 
structural relations assumed in the beginning. Whether 
or not this derivation of field physics—we know that 
Einstein prefers a different derivation—is of permanent 
scientific importance, it is obviously a very convincing 


1 The Mathematical Theory of Relativity. 
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illustration of Eddington’s contention that exact science 
deals wholly with structure. For his derivation is not 
affected whatever nature we attribute to the point- 
events that constitute all phenomena. It could even 
be maintained that they are happenings in the mind of 
God if, like Newton, we supposed space to be God’s 
“sensorium.’ Science throws no light on such questions. 
It would be confined to remarking, of the Big Four at 
Versailles, that they numbered four, to use one of 
Eddington’s illustrations. 

The fact that science is confined to a knowledge of 
structure is obviously of great ‘ humanistic ’ importance. 
For it means that the problem of the nature of reality 
is not prejudged. We are no longer required to believe 
that our response to beauty, or the mystic’s sense of 
communion with God, have no objective counterpart. 
It is perfectly possible that they are, what they have so 
often been taken to be, clues to the nature of reality. 
Thus our various experiences are put on a more equal 
footing, as it were. Our religious aspirations, our per- 
ceptions of beauty, may not be the essentially illusory 
phenomena they were supposed to be. In this new 
scientific universe even mystics have a right to exist. 

The outlook just described may fairly be said to be 
a result of the new scientific self-consciousness. It is 
more than a mere speculation. But some of the other 
views that have been put forth by our scientific philo- 
sophers seem a good deal less secure. We have, for 
instance, Sir James Jeans’ view that the universe is a 
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thought in the mind of a Supreme Mathematician. His 
reason for thinking this seems to be that ‘all the pictures 
which science now draws of nature, and which alone 
seem capable of according with observational fact, are 
mathematical pictures..1 Moreover, these mathematical 
pictures are not pictures of anything that we can imagine. 
On the wave-theory of matter, for example, an electron 
is a system of waves in a three-dimensional space. This 
sounds intelligible. We can identify this space with 
the physical space of our perceptions, and imagine the 
waves as being waves in some kind of ether. But we 
find that two electrons require a six-dimensional space, 
three electrons nine dimensions, and so on. It is evident 
that the space being talked of can have nothing to do 
with the space of perception. Also, we find that the 
waves being talked of are extremely elusive. It is sug- 
gested that they may be waves of probability, with no 
material existence whatever. It is obvious that the 
wave-theory of matter is a description of something 
which is utterly unimaginable. From this, and similar 
instances, Sir James Jeans concludes that the universe 
is more like a thought than it is like anything else. He 
concludes, indeed, that it is a thought in the mind of a 
supreme mathematical thinker. 

One objects to this argument, in the first place, that 
the universe possesses aspects other than its mathe- 
matical aspects. The artist and the mystic are con- 
cerned with aspects of the world which are not mathe- 


1 The Mysterious Universe. 
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matical. Even the sciences, excepting physics and its 
allies, are dealing with phenomena which are certainly 
not obviously mathematical. Adopting Jeans’ line of 
argument, we should have to say that the Creator is 
thinking of a great many things besides pure mathe- 
matics. It might be said, of course, that all aspects of 
nature except its mathematical aspects are contributed 
wholly by our minds, and so are entirely subjective. 
This was very much the outlook of the early scientific 
creators, Galileo and Kepler. 

But, if we adopt this way of reasoning, it is not at all 
obvious that nature’s mathematical characteristics are 
not also subjective. Mathematical characteristics, it 
may be argued, are put into nature by us. We inevit- 
ably arrange phenomena in a mathematical framework 
because of the structure of our minds. This was Kant’s 
view, and it is also Eddington’s view when he says: 
‘We have found that where science has progressed the 
farthest, the mind has but regained from nature that 
which the mind has put into nature.’ Jeans also thinks 
that our minds think mathematically from their very 
construction, but he regards it as a significant coinci- 
dence that nature should also behave mathematically, 
and finds in that coincidence evidence that nature has 
a mathematical Designer. But if Kant’s views be 
correct, there is no coincidence, and the fact that we 
arrange nature in a mathematical framework tells us 
nothing at all about its designer. 

Another point of view, which also has a respectable 
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philosophic pedigree, maintains that mathematics is not 
a priori, is not an inescapable activity of the mind. 
These philosophers maintain that the laws of mathe- 
matics are derived from experience. Mathematical 
thinking, they assert, has resulted from our observation 
of the actual laws obeyed by phenomena. Thus the fact 
that we think mathematically, and that nature works 
mathematically, is not an extraordinary coincidence, 
but simply an example of adaptation. Indeed, Mr. 
Bertrand Russell tells us that it can be shown that a 
mathematical web of some kind can be woven about any 
universe containing several objects. If this be so, then 
the fact that our universe lends itself to mathematical 
treatment is not a fact of any great philosophic 
significance. 

But even if we agree that the universe has a mathe- 
matical designer, the next step, that the universe is a 
thought in a mathematical mind, seems a very long one. 
Sir James Jeans appears to have been led to this con- 
clusion by the difficulty of imagining anything material 
behaving in accordance with the equations that modern 
physicists have found. He says: 


‘ The concepts which now prove to be fundamental 
to our understanding of nature—a space which is 
finite; a space which is empty, so that one point 
differs from another solely in the properties of the 
space itself; four-dimensional, seven and more 
dimensional spaces ; a space which for ever expands ; 
a sequence of events which follows the laws of prob- 
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ability instead of the laws of causation—or, alter- 
natively, a sequence of events which can only be 
fully and consistently described by going outside 
space and time, all these concepts seem to my mind 
to be structures of pure thought, incapable of realiza- 
tion in any sense which would properly be described 
as material.’ 


The state of affairs described by Jeans certainly makes 
it likely that whatever it is that behaves in this extra- 
ordinary way is not something that we can represent to 
ourselves in terms of familiar concepts. The ‘ atom’ 
of Victorian science could be pictured as a tiny grain of 
sand. The ‘ electron’ of modern physics certainly can- 
not be pictured as an even tinier grain of sand. But 
surely this is not surprising? Why should not the 
intimate workings of nature outrun our capacity for 
pictorial representation? Lord Kelvin said that he 
could understand nothing of which he could not make 
a mechanical model, and for that reason he never 
accepted Maxwell’s Electromagnetic Theory of Light. 
That seems to us now a strange criterion. Why should 
a man suppose that nature must be the kind of thing 
that a nineteenth-century engineer can reproduce in 
his workshop ? What degree of unfamiliarity will Sir 
James Jeans permit before he declares that nothing 
material could act so oddly, and that the universe must 
be pure thought ? It is also possible, we must remember, 
that some of these amazing mathematical webs that 
have been woven testify to the inefficiency of the mathe- 
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maticians. It is perfectly possible that some of their 
paradoxes arise from the fact that they are using inap- 
propriate concepts, and that the subject will take on 
a much more coherent form when new concepts are 
introduced. 

Nevertheless, although they adopt very different 
routes, both Eddington and Jeans arrive at very much 
the same conclusion, namely, that the ultimate nature 
of the universe is mental. We have seen that Jeans 
has been led to this conclusion by the impossibility of 
conceiving anything save pure thought to which the 
modern mathematical description of the universe could 
apply. Eddington reaches his conclusion by reflecting 
that the only direct knowledge we possess is knowledge 
of mental states. All other knowledge, such as our 
knowledge of the material universe, is inferred know- 
ledge—often the product of a long and complicated 
chain of inference. He holds the well-known theory 
that all our knowledge of the external world comes to 
us in the form of physical stimuli which travel along 
the nerves to the brain. Having arrived at the brain 
these stimuli are somehow transformed into, or give 
rise to, mental states, which are apparently of an entirely 
different nature from the physical stimuli. But, he 
argues, the only link in this chain of whose nature we 
know anything is the last link—the mental state. Are 
we to suppose that this link is something absolutely 
different in kind from the other links ? 

Consider vision, for example. The process starts 
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with the vibrating atoms of an external object. These 
vibrating atoms give rise to what the older physics 
called waves the ether, but which the newer physics 
cannot yet satisfactorily describe. This physical pro- 
cess, whatever it may be, reaches the eye, and causes 
another physical process there. This, in turn, leads 
presumably to molecular movements in the brain. 
There then occurs the wholly dissimilar phenomenon 
we call seeing a glowing red patch. This phenomenon 
appears so unlike those that preceded it that an absolute 
breach of continuity seems to have occurred. But why 
should we suppose this? We have seen that the only 
knowledge we have of the vibrating atoms, ether waves, 
and so on, is knowledge of their structure. This tells 
us nothing about their nature. May it not be, then, 
that their nature is the same as that of the red patch, 
namely, mental? This is, in essence, what Professor 
Eddington asserts. He quotes with approval W. K. 
Clifford’s remark: ‘ The succession of feelings which 
constitutes a man’s consciousness is the reality which 
produces in our minds the perception of the motions 
of his brain.” Seen from the outside, as it were, a 
living brain is a collection of molecules in movement. 
Experienced from the inside, it is a collection of mental 
states. The first view gives us knowledge of structure. 
The second view gives us knowledge of nature or 
substance. 

Thus for Kddington the whole of what exists, the 
externa] universe and our minds, is homogeneous in 
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its nature. ‘ The stuff of the world,’ he says, ‘ is mind- 
stuff... He goes on: ‘ The mind-stuff is not spread in 
space and time; these are part of the cyclic scheme 
ultimately derived out of it. But we must presume 
that in some other way or aspect it can be differentiated 
into parts. Only here and there does it rise to the 
level of consciousness, but from such islands proceeds 
all knowledge. Besides the direct knowledge con- 
tained in each self-knowing unit, there is inferential 
knowledge. The latter includes our knowledge of 
the physical world.” It will be seen that Eddington 
leaves his notion of ‘ mind-stuff’ very indefinite. It is 
not ‘ stuff’ since it is not spread in space and time, 
and it is not mind in the ordinary sense since it is only 
here and there that it rises to the level of consciousness. 
It may be regarded, perhaps, as an extension of the 
‘ Unconscious’ that psychologists talk about. Mr. C. D. 
Broad’s very able analysis of the ‘ Unconscious’ in 
his The Mind and Its Place in Nature shows us the 
lines on which this concept could be developed. Jeans, 
as we have seen, goes even further, and would make 
the universe even more fully mental, being, indeed, a 
thought in the mind of God. 

The humanistic importance of this outlook, in the 
minds of its authors, seems to be that it leaves us more 
free to attach the traditional significance to our 
aesthetic, religious or, compendiously, mystic experi- 
ences. It does not actively reinforce any particular 
religious interpretation of the universe, but it cuts the 
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ground from under those arguments which were held 
to prove that any such interpretation is necessarily 
illusory. This it does by showing that science deals 
with but a partial aspect of reality, and that there is 
no faintest reason for supposing that everything science 
ignores is less real than what it accepts. The question 
as to why science can afford to ignore these other 
elements has also been answered by Eddington. Why 
is it that science forms a closed system? Why is it 
that the elements of reality it ignores never come in 
to disturb it? The reason is that all the terms of 
physics are defined in terms of one another. The ab- 
stractions with which physics begins are all it ever 
has to do with. By starting with ‘ point-events,’ for 
instance, we can, mathematically, grind out one ex- 
pression after another until we come to the mathematical 
specification of ‘ matter.” From this specification we 
can continue until we arrive back at our starting 
point. 

We are doing what the dictionary compiler did when 
he defined a violin as a small violoncello, and a violon- 
cello as a large violin. But what we have left out of 
this description is the process by which the mind of 
the scientist makes contact with one of the entities, 
namely, matter, which appears in this mathematical 
chain. It is in virtue of his recognition of this entity 
that the cycle of definitions has a meaning for him, and 
gives him genuine information. Similarly, to one who 
has seen either a violin or a violoncello, the dictionary 
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definition gives information. But as long as the ab- 
stractions of physics form a closed cycle it is obviously 
immune from all disturbance from factors it has 
neglected. 

It is not quite clear that this immunity will endure. 
The above analysis applies only to ‘ field’ physics 
which, as we have mentioned, covers a very large part 
of physics. But it does not cover the whole of physics, 
and the hope that it could be made to do so grows 
steadily less. In atomic and subatomic phenomena 
we seem to be faced by a state of affairs that lies right 
outside the cyclic scheme. The most disconcerting 
characteristic of this region is that strict causality, a 
cardinal assumption in science, does not seem to apply. 
In the motions of individual atoms and electrons there 
seems to be an element of free-will. Determinism has 
broken down, and the Principle of Indeterminacy has 
taken its place. There is great difference of opinion 
at present as to whether this is a genuine discovery, or 
as to whether it is a merely temporary technical device. 
Einstein, Max Planck, and others think that strict 
causality will ultimately be restored in physics, while 
such men as Eddington and Schrédinger think that 
determinism must be definitely abandoned. 

If the principle of indeterminacy comes to be defin- 
itely established, it will obviously have important philo- 
sophic consequences. It will make it easier to believe 
that our intuition of free-will is not an illusion. More- 
over, instead of regarding the course of nature as the 


236 LIMITATIONS OF SCIENCE 


mere unrolling of a vast machine where every product 
is predetermined, we shall be freer to attribute to nature 
a genuine creative advance. And the distinction 
between the natural and the supernatural, as Edding- 
ton has pointed out, would be appreciably diminished. 
Indeed, if this principle be definitely admitted it will 
lead to the greatest revolution in scientific thought, 
and in the philosophy based on it, that has yet occurred. 
So far we have dealt with the limitations of science as 
a method of acquiring knowledge about reality. We 
have seen that the new self-consciousness of science has 
resulted in the recognition that its claims were greatly 
exaggerated. The philosophy based on science had 
made ‘ matter and motion’ the sole reality. In doing 
so it had dismissed other elements of our experience, 
those that seemed to us to have the greatest significance 
and which, finally, made life worth living, as illusory. 
Science, in spite of all its practical benefits, had seemed 
to many thoughtful men, perhaps to the majority, to 
have darkened life. That the new attitude of science, 
as explained by such men as Eddington and Jeans, has 
obtained such widespread attention is not, therefore, 
surprising. It was the metaphysical doctrines that 
accompanied science that were found so depressing. 
This is a striking testimonial to the fact that man is, 
after all, a philosophizing animal, for the purely practical 
aspects of science met with almost universal acclamation. 
And the wonderful vistas opened up by science seem to 
have been sufficient, in themselves, to inspire many 
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men with optimism and a sense of freedom. Professor 
Millikan, an eminent man of science, has eloquently 
expressed this outlook. He points out that our civiliza- 
tion is the first one in history that has not been based 
on slave labour. This is unquestionably a great gain. 
Also the amenities of life are now more numerous and 
more widely distributed than they have ever been before. 
And we may have every confidence that this advance- 
ment will continue. The sciences of geology, palae 
ontology and biology have revealed an orderly develop- 
ment of living forms from the lower to the higher which 
has been going on for many millions of years. We may 
well suppose that it is part of the order of nature that 
such development should continue. Millikan quotes : 


‘ A firemist and a planet, 
A crystal] and a cell, 
A jelly-fish and a saurian 
And caves where the cave-men dwell ; 
Then a sense of law and beauty, 
And a face turned from the clod— 
Some call it Evolution, 
And others call it God,’ 


and comments: ‘ That sort of sentiment is the gift of 
modern science to the world.” And the fact that we 
ourselves are playing a part, a conscious part, in this 
evolutionary process, is, he thinks, of ‘ tremendous 
inspirational appeal.’ 

But it may justly be objected that all this is con- 
sistent with the old scientific philosophy that made 
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man a purely accidental outcome of matter and motion, 
and which presented the universe, large and magnificent 
as it is, as entirely purposeless. The doctrine of pro- 
gress, seen against that background, loses a good deal 
of its inspirational appeal unless we are content to find 
the whole meaning of life in the rearing of better and 
better human beings, until, with the final death of the 
physical universe, the whole irrelevant human adven- 
ture comes to an end. The matter is not much better 
if we suppose the physical universe to be continually 
renewed. Our religious impulses cannot be satisfied with 
anything less than a belief that life has a transcendental 
significance. And it is precisely this belief that the old 
philosophy of science made impossible. We conclude, 
therefore, that the truly significant change in modern 
science is not to be found in its increased powers to aid 
man’s progress, but in the change in its metaphysical 


foundations. 


CHAPTER VII 


THE VALUES OF SCIENCE 


§ 1 


ScieNcE is one of those human activities which has 
undergone a change of purpose or, at least, has come to 
serve different purposes, in the course of its development. 
The full wealth of values served by the major human 
activities are not apparent from the beginning. The 
cave drawings of primitive man, for example, are justly 
looked upon as the beginnings of pictorial art in the 
world. But it is very unlikely that primitive man con- 
ceived and executed them for purely artistic motives. 
They had, it is probable, a religious or magic significance. 
These representations of animals pierced with arrows 
were probably designed to secure a good kill on the 
morrow. And the early essays in science, as we have 
seen, were undertaken for purely practical reasons. 
Astronomy originated in the desire to construct a 
calendar for the benefit of an agricultural community, 
and the official reason given to-day for its support by 
civilized governments is that it aids navigation at sea. 
Astronomy later developed into astrology, which had 
as its purpose the extremely practical one of foretelling 


human destiny. Biology began as medicine. Chemistry 
289 
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was for a long time alchemy, which was pursued chiefly 
because it was thought to hold the key to the discovery 
of the Philosopher’s Stone and the Elixir of Life. Even 
mathematics was not always pursued for ‘ its own sake.’ 
Certain mathematical relations were sought out for 
their supposed magical potencies, and others were valued 
for their usefulness in interpreting cabbalistic writings. 

We have seen, however, that the sciences gradually 
lost their purely practical orientation and came to be 
pursued for the part they played in meeting man’s 
curiosity about the external world. The ‘ search for 
truth’ became the dominant motive in the prosecution 
of science. In the development of science it was often 
found, of course, that answers to. questions of purely 
theoretic interest were also of great practical import- 
ance. But these practical applications were, very often, 
mere by-products of the scientific movement. Thus 
Maxwell’s discovery of the electromagnetic theory of 
light was not prompted by the desire to provide every 
home with a wireless set. 

Disinterested curiosity has been the great motive 
power of scientific research. Of the great ‘ Values’ 
that condition our activities and make our lives worth 
living, Goodness, Beauty, Truth, science has been 
chiefly concerned with truth. But ‘truth’ does not 
seem to be a simple and unambiguous concept. We 
hear of * higher ’ truths and ‘ deeper’ truths. We may 
ask then, What sort of truth is science after? In what 
sense is a true scientific statement true ? 
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This question, which the characteristically modern 
scientific researches have raised to a position of supreme 
importance, has not yet received one clear, unequivocal 
answer. It will help us to understand the present 
position if we begin by considering what is meant by 
mathematical truth. 

In the beginning, when man first became conscious 
of this curious mental power called mathematical 
reasoning, he regarded mathematical theorems as reve- 
lations of the fundamental principles on which the 
universe is constructed. And not only the exterior 
material universe, but also the universes of thought and 
emotion. Everything was regarded as being, essen- 
tially, an embodiment of number. Thus reason, whose 
great characteristic, according to the Pythagoreans, 
is its unchangeability, is a sort of embodiment of the 
number one. Mere opinion, as contrasted with reason, 
is an embodiment of the number two. The number 
two is also feminine, while three is masculine. Thus the 
essence of marriage is represented by the number five, 
which is a combination of the first feminine and the 
first masculine number. In this extreme form these 
ideas did not long survive. But, modified and debased, 
they persisted for centuries. We find traces of this 
outlook even in Kepler, and it persists to our own day, 
attenuated and incoherent, in superstitions about 
* unlucky numbers.’ 

But even though Pythagorean extravagances had 
been abandoned, mathematics, until quite recent times, 

Q 
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maintained the exalted position of acquainting us with 
‘necessary truths.’ Descartes expresses this point of 
view in a famous passage from his Fifth Meditation : 


‘I imagine a triangle, although perhaps such a 
figure does not exist and never has existed anywhere 
in the world outside my thought. Nevertheless this 
figure has a certain nature or form or determinate 
essence which is immutable and eternal, and which 
I have not invented, and which depends in no way 
on my mind. This is evident from the fact that I 
am able to demonstrate various properties of this 
triangle, for example, that its three interior angles 
are equal to two right angles, that the greatest angle 
is subtended by the greatest side, and soon. Whether 
I want to or not, I recognize very clearly and evidently 
that these properties are in the triangle although I 
have never thought about them before, and even if 
this is the first time I have imagined a triangle. 
Nevertheless, no one can say that I have invented or 
imagined them.’ 


Thus the properties of a triangle, according to Des- 
cartes, In no way depend on the human mind. But 
the invention of the non-Euclidean geometries has 
taught us that these properties are necessary merely in 
the sense of being logical consequences of the axioms and 
postulates with which we start. And these axioms 
and postulates are arbitrary. They are not necessities 
of thought; they are matters of the mathematician’s 
caprice. We can, if we like, start with the axioms 
assumed by Euclid, and then we get the properties that 
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so impressed Descartes. Or we can start with Loba- 
chevsky’s axioms, and then we get quite different pro- 
perties. Or we can start with Riemann’s axioms, and 
get still different properties. And so on. None of 
these axioms are necessities of thought. Regarded 
logically, there is nothing to choose between them. 
Thus there is no reason to suppose that Descartes’ 
triangle is a revelation of an eternally pre-existing 
truth—such as a thought in the mind of God. It is 
an arbitrary creation of the mathematician’s mind, 
and did not exist until the mathematician thought 
of it. 

Although the idea has been abandoned that mathe- 
matics gives us access to some external store of super- 
sensible truths, there is still controversy as to its real 
nature. <A school of Continental mathematicians holds 
that it is a sort of game, like noughts and crosses. 
Another school holds that it is a branch of formal 
logic. The arguments about this matter are extremely 
subtle and fatiguing, and the melancholy fact that they 
are not also convincing is sufficient testimony to the 
difficulty of the subject. 

But the negative result of these investigations is 
sufficient for our present purpose; they have estab- 
lished the fact that mathematics has not the transcen- 
dental significance that was attributed to it by philo- 
sophers for about two thousand years. At the same 
time the precise nature of mathematical entities is still 
a difficult and controversial subject. Although the 
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simple, primary mathematical ideas were doubtless 
originally suggested by experience, the mathematician’s 
development of them has been very largely independ- 
ent of the teachings of experience. He has been guided 
chiefly by considerations of form—a criterion which is 
probably, at bottom, aesthetic. 

This development has, in fact, been so largely self- 
contained, so autonomous, that the fact that mathe- 
matical theorems can be applied to the happenings of 
the real world seems like a lucky accident. This lucky 
accident is so remarkable that it has led some modern 
speculators, as we have seen, to conclude that the 
universe had a mathematical designer. As against this 
we must remember the possibility that a mathematical 
web of some sort could be woven about any universe, 
and the extraordinary difficulties and incoherencies of 
modern mathematical physics suggests that, in spite of 
the extraordinary luxuriance of mathematical creation 
during the last few centuries, the universe is so odd an 
affair that we are not yet in a position to weave a satis- 
factory mathematical web about it. To sum up, we 
may say that even if mathematics be not purely sub- 
jective, it is not, in its nature, a body of truth about 
the objective, physical world. If it has an objective 
reference it is only in the sense that logic, according 
to some writers, has an objective reference. 

When we come to science proper, as in the science of 
physics, we are obviously in a region where experience 
has played a much greater réle. We have seen that all 
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its primary concepts have been suggested by experience. 
In fact, to say that they have been ‘suggested’ by 
experience would seem to many an understatement. 
In their original intention, at any rate, the fundamental 
terms of physics were put forward as names for certain 
actual characteristics of nature. The physicist gave 
names to certain qualities that he observed just as Adam 
gave names to the animals in the Garden of Eden. 

When Newton isolated the concept of ‘ mass,’ for 
example, he thought he was singling out and naming 
an actual objective constituent of the external universe. 
Other properties of matter, such as size, shape, position, 
velocity, were also regarded as obviously objective 
existents. Force was a rather more mysterious notion. 
It was derived from our sensation of muscular effort. 
But it was not at all clear how we were to regard two 
distant bodies as pushing and pulling one another. It 
was hoped, however, to reduce all forces to impacts. 
It was hoped that, in the last analysis, all forces would 
reduce to the effects of little hard particles knocking 
against one another. Another way of dealing with the 
mystery was to declare the notion of force superfluous 
and attempts were made to construct systems of 
mechanics which would not employ this notion. Thus 
force came to be regarded as a semi-fictitious entity ; 
it was a more abstract concept than the straightforward 
notions of mass, velocity, and so on. It became doubtful 
whether all these physical concepts are just names for 
objectively existing entities. 
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This doubt is heightened when we come to consider 
some of the entities that were later imported into 
physics. Thus the notion of energy is one of the most 
important of all physical concepts, and the principle of 
the Conservation of Energy one of its most important 
principles. But what is the precise status of this prin- 
ciple? Is it a fact of observation that there is some 
constituent of the external universe to which we have 
given the name Energy, and is it a fact of observation 
that this characteristic never increases and never 
diminishes ? 

Let us consider, for example, what happens when we 
let a stone fall from a height. The stone, on colliding 
with the ground, acquires heat, and the earth for a 
certain distance round the stone also acquires heat. 
Thus the universe, it appears, possesses more energy 
than it had at the moment before we let the stone fall. 
Where has this energy come from? It has come, we 
are told, from the energy of motion of the stone. Eivery 
moving body possesses energy in virtue of its motion. 
The stone has steadily been acquiring this sort of energy 
during its fall, and at the moment of impact, when its 
energy of motion is at its maximum, this energy is 
changed into heat energy. 

But from what source has the stone been steadily 
acquiring its energy of motion? Here we come to the 
somewhat mysterious notion of * potential’ energy. A 
stone, or any other body, we are told, can possess energy 
purely in virtue of its position with respect to surround- 
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ing bodies. Thus a stone at the top of a mountain 
possesses more energy than an exactly similar stone at 
the foot of the mountain. Exactly similar stationary 
stones at different levels possess different energies. 
These energies are the potential energies of the stones. 
Potential energy, it must be admitted, is a somewhat 
mysterious notion. Other forms of energy, such as 
energy of motion and heat energy, are obviously ‘ ener- 
getic.” But potential energy is undetectable until it is 
transformed. 

But it is only by importing this notion of potential 
energy that we can assert the conservation of energy. 
Otherwise, as in the case of the falling stone, we seem 
able to create energy. Similarly, by throwing a stone up 
in the air, we seem able to annihilate energy. At the 
moment of leaving the hand, the stone possesses energy of 
motion given to it by muscular exertion which has con- 
sumed energy fromthe body. But when the stoneis at the 
top of its flight, its energy of motion, which has steadily 
been becoming less, becomes zero. It then begins again 
to acquire energy of motion, until it reaches the hand 
with the same energy with which it left it. The notion 
of potential energy comes in here to preserve the prin- 
ciple of the conservation of energy by saying that as 
the stone’s energy of motion decreases in its upward 
flight its potential energy increases in such a way that, 
at the top of its flight, the potential energy is equal to 
the energy of motion with which the stone started. 

Thus the notion of potential energy explains away 
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apparent violations of the principle of the conservation 
of energy. But is not this the very reason for the impor- 
tation of the notion of potential energy? Is it not a 
mathematical fiction, brought in for convenience? A 
quotation from a well-known Victorian text-book of 
physics? will show us the sort of attempts that were 
made to justify potential energy as a real physical 
quantity. 


‘The question still remains, what becomes of the 
motion when the kinetic energy of a system dimin- 
ishes ? Can motion ever be changed into anything 
else than motion? If we assume a fundamental 
medium whereby to explain all the phenomena of 
nature, then the properties of this medium ought to 
remain unchanged, and all other changes must be 
explained by motion of the medium. Such an as- 
sumption is quite philosophic, and the method of 
procedure is certainly scientific. An evident reply 
to the question of what becomes of the motion of a 
projectile rising upwards is that it passes into the 
ether. The first assumed property of the ether is 
that it can contain and convey energy. ‘There is no 
@ priort reason, then, why the energy of motion of a 
projectile as it rises upwards should not be stored up 
as energy of motion of the ether between the body 
and the earth, or elsewhere. The oscillation from 
kinetic to potential, and from potential to kinctic, 
in the case of the pendulum is then, from this point 
of view, merely an interchange of energy of motion 
going on between the mass of the pendulum and the 


1 Preston’s Theory of Heat. 
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ether around it. According to this view, all energy 
is energy of motion, and must be measured by the 
ordinary mechanical standard. The work we do in 
lifting a body from the earth is spent in generating 
motion in the ether, and as the body falls this motion 
passes from the ether to the body, which thus acquires 
velocity. 

A rough mental picture of the process might be 
obtained as follows: We might suppose a body con- 
nected to the earth by vortex filaments in the ether, 
which would replace the lines of force. The ether is 
spinning round these lines, and when the body is 
lifted from the earth the work done is expended in 
increasing the length of the vortex filaments. The 
work is thus being stored up as energy of motion of 
the ether, and when the body falls to earth the vortex 
lines diminish in length, and their energy of motion 
passes into the body and is represented by the kinetic 
energy of the mass.’ 

This quotation is sufficient to show that the author 
is uneasy at the apparently conventional character of 
potential energy, and accordingly invokes unknown 
properties of the ether in order to give it standing as 
a physical quantity. This line of reasoning raises the 
principle of the conservation of energy to a position 
where it can no longer be either verified or disproved. 
Thus the author in question goes on to say that if a 
material system is found to be losing energy in some 
way that we cannot account for, then we must assume 
that the system is radiating energy into the ether in 
some unknown manner. Similarly, if the system is 


250 LIMITATIONS OF SCIENCE 


found to be gaining energy, we must assume that the 
ether is somehow conveying energy to it. 

Thus the conservation of energy becomes an article 
of faith. It is no longer an observed characteristic of 
nature, based upon experimental evidence, but becomes, 
at best, a metaphysical doctrine. We see how difficult 
it is, in practice, for science to remain faithful to New- 
ton’s criterion. In modern relativity theory the notion 
of potential energy is not used, and the principle of the 
conservation of energy is somewhat modified. We find 
that the notion of potential energy was not an arbitrary 
creation ; it arose from a sound mathematical intuition, 
but the problem it was invented to answer was not 
correctly formulated. The art of putting correct 
questions to nature is learned only gradually, and 
there can be no doubt that some of our present 
difficulties arise from the fact that this art is not 
yet completely mastered. 


§ 2 


The examples of force and potential energy suffice to 
show that the naive view of science is not correct, and 
that science does not construct its mathematical for- 
mulation of the world wholly in terms of directly observ- 
able physical quantities. There is, in science, a certain 
amount of useful myth. But the myths are useful 
because they are, as it were, pegs on which the mathe- 
matical formulation can be hung. It is very seldom, 
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however, that myths have been introduced in full con- 
sciousness of their mythical character. Thus it can 
hardly be doubted that Newton believed in the reality 
of forces. Potential energy, as our quotation shows, 
was regarded as more than a mathematical device. 
Bohr’s theory of the atom, with its circulating electrons, 
was at first taken to be a faithful picture of the ob- 
jective reality. It was only later that it came to be 
realized that any other picture will do equally well pro- 
vided it leads to the same mathematical equations. 
And the modern Schrédinger atom, with its waves in 
multi-dimensional space, presents us with a picture 
which is frankly incredible. Again all that matters is 
the mathematical formulation. 

The reason for this apparently curious unconscious- 
ness of the true nature of their task, on the part of 
men of science, is very simple and obvious. It is that 
men try to explain the unfamiliar in terms of the familiar. 
Scientific concepts were suggested by ordinary daily 
experience. It was only gradually discovered that 
natural processes cannot be accurately described in 
terms of these concepts. Whether man will ever be 
able to evolve concepts which are entirely adequate to 
nature is obviously a question which cannot yet be 
decided. The materials out of which he has built his 
theories have hitherto shown themselves to be not quite 
suitable. It is as if one were given the task of con- 
structing a map of a country out of little straight sticks. 
It was impossible, for instance, for Newton to give a 
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perfectly accurate picture of the solar system with his 
apparatus of forces and Euclidean geometry, just as 
the Ptolemaic apparatus of circular motions could not 
be made to fit the observed heavenly motions. Simi- 
larly, the motion of a little hard particle, however much 
it may be refined, cannot be made to account for the 
behaviour of an electron. Even such guiding prin- 
ciples of thought as continuity and causality are being 
found inappropriate for the scientific description of 
nature. 

It is evident, even from this brief survey of scientific 
ideas, that a true scientific theory merely means a suc- 
cessful working hypothesis. It is highly probable that 
all scientific theories are wrong. Those that we accept 
are verifiable within our present limits of observation. 
Truth, then, in science, is a pragmatic affair. A good 
scientific theory accounts for known facts and enables 
us to predict new ones which are then verified by 
observatidn. Thus Newton’s theory of gravitation 
accounted, within the then limits of observation, for 
the heavenly motions. Subsequently, in the hands 
of Adams and Leverrier, it enabled the existence of 
a hitherto unknown planet, Neptune, to be predicted. 
It did, in fact, lead a very successful career, and is as 
good an example of a scientific theory as can be 
found. But sufficiently precise observation showed 
that it did not perfectly account for the motion of 
the planet Mercury, and it was then seen that its 
account of the motions of the other planets only 
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seemed complete because, in those cases, departures 
from the predicted motions were below the limits of 
observation. 

The way in which scientific men attempted to remedy 
the defects in Newton’s theory is instructive. Their 
method was to tinker with the details. They tried the 
effect of making the law of attraction just a little different 
from the exact inverse square law. They tried the effect 
of giving gravitation a finite velocity of propagation. 
But no advance was made in this way. The difficulties 
could not be met by any extension of the theory. It 
was not until Einstein introduced an entirely new 
theory, based on entirely new concepts, that the diffi- 
culties were cleared up. We now know that the appara- 
tus of ideas with which Newton started, however deftly 
used, cannot be made to perform the task for which it 
was invented. It would probably be impossible to find 
another instance of a change as fundamental as this in 
the history of the sciences. Here we have no step-by- 
step modification of a theory, but the complete sweeping 
away of the very foundations of a scientific outlook. 
The one feature of the Newtonian outlook that is left 
is the insistence on a mathematical formulation of 
nature. 

Another instance, although rather less marked, of a 
radical change of outlook, is provided by the fate of the 
ether theory. The universal medium called the ether 
was postulated chiefly in order to account for the pro- 
pagation of light. Light takes eight minutes to reach 
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us from the sun. How is it transmitted? The hypo- 
thesis that it consists of little corpuscles shot out of the 
sun was found to be unsatisfactory, and the theory was 
developed that light is a wave motion of some kind. 
But a wave motion implies, of course, a medium in which 
the waves travel. Thus there naturally arose the 
question as to the constitution of the medium. It was 
at first conceived, on the basis of previous experience 
of extended and not readily perceptible media, as a 
sort of gas. Certain experiments showed that this 
theory was inadmissible, and the notion of the ether 
as a sort of huge jelly was then developed. This fitted 
the observed facts much better—but the accordance 
was not perfect. Attempts to perfect the ether theory 
led to the amazing developments that we have already 
described. 

Then, by some obscure process of reason and intuition 
that cannot be clearly analysed, Maxwell developed his 
equations. He started with mechanical concepts not 
unlike those of his predecessors, but in developing them 
he made jumps—flashes of genius—that took him 
outside the mechanical scheme. He had arrived at the 
correct mathematical formulation of light-processes. 
He had thus, in a sense, reached the goal at which all 
the ether theorists had been aiming. But his mathe- 
matical formulation was not reducible to mechanical 
terms. Then what is Maxwell’s Theory? Is it true, as 
Hertz said, that ‘ Maxwell’s theory is Maxwell’s system 
of equations’? In view of recent controversies this 
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question conceals an ambiguity which it is desirable 
to make plain. 

The issue raised divides physicists into two camps, 
and has an important bearing on our question as to 
what is meant by truth in science. The one group holds 
what is called the ‘ conventionalist ’ view, which has 
been expressed by a German writer as follows : 


‘It has sometimes been supposed that a physical 
magnitude, such as time, for example, may have a 
meaning in itself, without any reference to the way 
in which it is to be measured, and that the method 
of measurement is a second question. As opposed 
to this view, it must be strongly emphasized that the 
meaning of every physical magnitude consists in 
certain numbers being ascribed to certain physical 
objects. Until it has been settled how this ascription 
is to take place, the magnitude itself is not settled 
and statements concerning it have no meaning.’ 


Thus, on this view, there is no such thing as a physical 
quantity apart from a system of measurement. The 
other group holds that there are objective physical 
quantities which exist quite independently of our 
methods of measuring them. We may call this the 
‘realist ° view. The conventionalist outlook is obviously 
an extension to physics of the outlook of the pure mathe- 
matician, for whom an entity exists purely in virtue of 
its definition. But the outlook seems to assign alto- 
gether too great a rdle'to the subjective element in 
science. It may be true that the square root of 2 had 
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no existence before the mathematician thought of it, 
but it certainly seems to be untrue that lapses of time, 
variations of light intensity, and so on, did not exist 
before the scientist devised ways of measuring them. 
We cannot say that the child or the savage have no 
knowledge whatever of such things simply because they 
cannot measure them. It seems, rather, that there are 
objective physical quantities of which they have a 
confused apprehension compared with the more precise 
apprehension of the scientific man. 

And in the history of scientific measurement itself, 
the change from one system of measurement to another 
certainly does not appear to be a purely conventional 
change, but appears to be undertaken in the effort to 
obtain a more precise estimate of the magnitude of the 
physical quantity concerned. Thus, according to the 
conventionalist, the temperature of a body must be the 
reading on a thermometer. But scientific men, in their 
search for accuracy, have successively used different 
thermometers. Are there, then, as many temperatures 
as there are thermometers? Is there no objective 
physical quantity, the temperature of the body, that 
scientific men are trying to reach? According to the 
conventionalist it is meaningless to talk of any such 
quantity. 

Another objection to the conventionalist outlook 
comes from the fact that, in the investigation of a 
physical quantity, entirely different methods, based on 
entirely different conventions, reach the same result. 
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Unless it can be shown that the conventions have been 
specially designed so as to fit in with one another, we 
can explain the agreement only by supposing that there 
is an objective physical quantity that the measure- 
ments measure. But even if we assume that the 
world of physical quantities is a world that is in- 
vestigated, but not created, by the physicist, it still 
remains true that the only knowledge of this world 
that science gives us is knowledge of its mathematical 
aspects. 

The conventionalist view, we have given reason to 
suppose, goes too far. Nevertheless, there are physical 
quantities to which it can be plausibly applied. We 
have given instances in the notions of ‘ force’ and 
‘ potential energy.” These, it is evident, are not con- 
stituents of the external world in the sense that mass, 
temperature, electric charge, are constituents of the 
external world. But the basis of this difference is not 
to be found in our sense impressions. The earliest 
quantities isolated by physics are precisely those that 
directly affected our senses. Even ‘ heat’ and ‘ cold,’ 
as we have seen, were at one time regarded as distinct 
entities. But the degree of reality we now attach to a 
physical quantity seems to depend upon the part it 
plays in the coherent scheme of physics. And the history 
of physics shows that it is precisely in its search for 
reality that physics is led to its most abstract abstrac- 
tions. And all that physics can tell us about these 
abstractions, we must repeat, is their mathematical 
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specifications. Thus the ‘real’ world of physics is 
vastly different from the world of perception. 

Owing to the lack of connection between quantum 
physics and field physics, it is impossible to say at 
present what are the fundamental physical quantities 
out of which physics proposes to build the world. Field 
physics, it is possible, can be based on ‘ point-events 
and the relation called the ‘interval.’ This will not 
enable us to deduce quantum phenomena, which are 
at present based on different fundamental entities. 
But it is evident that, if we make an assumption similar 
to that of the old materialists, and regard the ‘ real” 
world of physics as the only objectively existing world, 
then it is not only the ‘ secondary qualities’ of the old 
theorists that we must regard as illusory. Their funda- 
mental realities must go too, for even space, time and 
matter are all derivative from more fundamental 
entities, according to the new physics. 

The seience of physics is concerned only with those 
aspects of the world which can be treated quantitively. 
This imposes an immense restriction on the elements 
we select from the total elements of our experience. If 
we go further, and assume that only the elements of 
which physics treats are real, all the others being in 
some way illusory, then we are led to some such appar- 
ently fantastic conclusion as that ‘ point-events’ are 
the only objective realities. But we may leave the 
philosophical issue involved here to the philosophers. 
Science itself does not assume that it alone is concerned 
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with the real. The statements of science are true within 
the limited region it claims for itself—the region of 
mathematical structure. If you are curious about the 
mathematical structure of the material universe, then 
science can give you information on that point. 

In pursuit of its aim science has shown itself to be 
accommodating and flexible. The science of physics 
has shown itself willing, at different times, to adopt 
quite different principles and concepts, provided they 
promised to be helpful in its one great aim of giving a 
mathematical description of nature. Where principles 
and concepts have persisted past their time of useful- 
ness, this has been due to the inertia of mental habit. 
No scientific principles are sacrosanct; no scientific 
theory is held with religious conviction. Nevertheless, 
most scientific men believe that there is a final scientific 
truth about the universe to which successive scientific 
theories ever more closely approximate. But this is an 
article of faith. Science is still an adventure, and all 
its ‘ truths ° are provisional. 


§ 3 


This atmosphere of provisional hypothesis and practic- 
ally verifiable statements constitutes what has been 
called the ‘ homely air’ of science, and is one of its 
great charms. Science has adopted the pragmatic 
criterion of truth, namely, success, and as a result 
science has been successful. Indeed, it would not be 
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too much to say that, judged by the criterion of 
general assent and practical efficacy, it is the most 
successful activity that man has yet hit upon. As 
Professor Levy! says : 


‘ Any such criterion of truth may not be one that 
commends itself to the professional philosopher. It 
may be that science ignores subtleties that appear 
vital to academic philosophy, that it skims easily 
over the surface of reality. The very principle that 
scientists must leave no differences behind may 
narrow the range to superficial agreement, and restrict 
the nature and number of the isolates it may form. 
Whether or not this be so, science can at any rate 
look upon itself as a united movement that has left 
in its wake a body of tested knowledge, while philo- 
sophy is still broken up into disunited schools of 
thought.’ 


The criticism has, indeed, been made that science 
pays for jts success by its superficiality. All the deepest 
problems of mankind, it has been pointed out, lie outside 
science. If neither philosophy nor religion can present 
any such ‘ body of tested knowledge,” it is because they 
have not been content with such cheap victories. There 
is doubtless some truth in this criticism, and it is prob- 
ably true that the problems with which science deals are 
intrinsically’ inferior in human interest to those dealt 
with by either philosophy or religion. 

Nevertheless, the actual atmosphere of science, the 


1 The Universe of Science. 


THE VALUES OF SCIENCE 261 


manner in which it goes about its work, is quite excep- 
tionally agreeable. It is in the scientific attitude, as 
much as in the scientific results, that the true value of 
science is to be found. If the man of science has not 
aimed high, according to the philosopher, he has at 
least aimed with a single heart, with a docility in face 
of the facts, with an impersonal purpose to serve which 
is not always found amongst our prophets and _ philo- 
sophers, and which it is almost impossible to find 
elsewhere. 

There is probably no other period in history, since 
modern science began, when the particular values it 
incorporates were so rarely to be encountered in other 
human activities. ‘The human tendencies to prize certi- 
tude and fear knowledge, to indulge emotion at the 
expense of reason, were probably always as strong as 
they are to-day, but the circumstances of the time did 
not show them up in so pitiless a light. The mass of 
men were probably always as impatient of that careful, 
honest verification that is the very essence of science 
as they are to-day, but there was no huge popular press 
to bear daily witness to the fact. 

If we are to judge from what seems the overwhelming 
evidence provided by such activities as politics, busi- 
ness, finance, we must conclude that the attention and 
respect accorded to science is directed wholly to its 
results, and that its spirit is the most unpopular thing 
in the modern world. Yet it could very reasonably be 
claimed that it is in its spirit that the chief value of 
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science resides. This can be asserted without abating 
anything of our claim for the values of its results. 
Knowledge for the sake of knowledge, as the history of 
science proves, is an aim with an irresistible fascination 
for mankind, and which needs no defence. The mere 
fact that science does, to a great extent, gratify our 
intellectual curiosity, is a sufficient reason for its 
existence. 

But it must be pointed out that this value is inex- 
tricably intertwined with another value—the aesthetic 
value of science. If scientific knowledge consisted of 
a mere inventory of facts, it might still be interesting 
and even useful, but it would not be one of the major 
activities of the mind. It would not be pursued with 
passion. It could, at best, only exert a somewhat more 
intensified form of the attraction we feel for a time- 
table. Indeed, the greatest single testimonial to the 
fact-gathering power of science, resting, as it does, on 
centuries of labour and ingenuity, is probably the 
Nautical Almanac—useful, but not entrancing, reading. 

For science to have inspired such ardour and devotion 
in men it is obvious that it must meet one of the deepest 
needs of human nature. This need manifests itself as 
the desire for beauty. It is in its aesthetic aspect that 
the chief charm of science resides. This is true, be it 
noted, for scientific men themselves. To the majority 
of laymen, science is valuable chiefly for its practical 
applications. But to all the greatest men of science 
practical applications have emerged incidentally, as a 
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sort of by-product. This is, perhaps, most obviously 
true of the men who have created the mathematical 
sciences. In the work of mathematicians, in particular, 
the aesthetic motive is very apparent. Many mathe- 
maticians have written about their work in a sort of 
prose poetry, and the satisfactions they get from it 
seem indistinguishable from those of an artist. The 
language of aesthetics is never far to seek in the writings 
of mathematicians. In their frequent references to the 
‘ elegance,’ * beauty,’ and so on of mathematical theorems 
they evidently imagine themselves to be appealing to 
sensibilities that all mathematicians share. Nearly all 
mathematicians show themselves uneasy in presence of 
a proof which is inelegant, however convincing—one 
which ‘merely commands assent,’ as Lord Rayleigh 
said—and, sooner, or later, endeavour to replace it by 
one which approaches closer to their aesthetic ideal. 
Some of them, as the late Henri Poincaré, have gone 
so far as to remark that the actual solution of a pro- 
blem interests them much less than the beauty of the 
methods by which they found that solution. 

There can be little doubt that it is the aesthetic 
element in mathematics that has been chiefly respon- 
sible for the attention it has received. If mathematics 
is to be ranked as a science, then itis, of all the sciences, 
the one most akin to the arts. The history of its 
development bears out this assertion, for this develop- 
ment, in the main, has been a formal development. 
Certain branches of mathematics, it is true, have been 
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created to deal with some actual physical problem but, 
for the most part, mathematics has been a remarkably 
autonomous activity. In this respect it greatly re- 
sembles the art of music, whose development also has 
been so largely conditioned by considerations springing 
from its own ground, and owing nothing, or almost 
nothing, to the external world. 

But if the aesthetic element is most prominent in 
mathematics it is certainly not lacking in the physical 
sciences. ‘The search for universal laws and compre- 
hensive theories is indubitably a manifestation of the 
aesthetic impulse. It is sometimes said that scientific 
men, in their choice of one of two theories that equally 
well cover the facts, always choose the simpler. But 
simplicity is, at bottom, an aesthetic criterion. Fresnel 
said ‘ Nature takes no account of analytical difficulties.’ 
If we interpret this to mean that there is no a priori 
reason to suppose that nature is simple, then the remark 
is doubtless true. But if nature was not simple, it is 
very doubtful if science would ever have been pursued. 
It would still be possible for science, of a kind, to exist. 
It is within the resources of mathematics to construct 
a formula for almost any sequence of changes, however 
arbitrary, but if this formula is of a kind from which 
no further deductions can be drawn, the whole investi- 
gation is regarded as being in a very unsatisfactory 
state. Where such formulae are used, as they often 
are in engineering, for example, it is solely for their 
immediate practical value. The exclusive construction 


THE VALUES OF SCIENCE 265 


of such empirical formulae is not an object that any 
scientific man would propose for himself. 

It is because nature does seem to exhibit an order 
we can understand, because diverse phenomena can 
be grouped under general laws, that the pursuit of 
science is worth while. If nature did not possess 
a harmony that was beautiful to contemplate, said 
Poincaré, science would not be worth pursuing, and 
life would not be worth living. Life would not be worth 
living, that is to say, for Poincaré. But although most 
scientific men would doubtless find a scientifically un- 
aesthetic universe quite worth living in, we may be 
confident that they would not devote themselves to 
science. * You are young, I am old,’ wrote Faraday to 
Tyndall, ‘ but then our subjects are so glorious, that to 
work at them rejoices and encourages the feeblest ; 
delights and enchants the strongest... And Einstein, 
writing on Max Planck, reveals himself when he says : 


‘'The longing to see this pre-established harmony 
is the source of the inexhaustible patience and persist- 
ence which we see in Planck’s devotion to the most 
general problems of our science, undeflected by 
easier or more thankful tasks. I have often heard 
that colleagues sought to trace this characteristic to 
an extraordinary will-power; but I believe this to 
be wholly wrong. The emotional condition which 
renders possible such achievements is like that of 
the religious devotee or the lover; the daily striving 
is dictated by no principle or programme, but arises 
from an immediate personal need.’ 
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When we come to the sciences other than physics we 
find the same spirit. Whether it be Chemistry, Biology, 
or what not, we find that all the great advances have 
come from the desire to uncover what Einstein calls 
‘this pre-established harmony.’ Science can, of course, 
content many appetites. It enables many more millions 
of lives to exist than would be possible without it. Also 
it enables many more millions of lives to be destroyed 
than was possible without it. It can give us marvels 
to gape at: the distances of the stars, the minuteness 
of the atom. It can stun us with figures. It can even 
help the dividend-hunter in his absorbing quest. But 
to the great man of science, science is an art, and he 
himself is an artist. And his creation is not the less a 
work of art because it is but a faint and imperfect copy 
of another—of the supreme work of art which is nature 
itself. 


§ 4 


The aesthetic appeal of science is due to the fact that 
it bestows comprehension. Under the phrase ‘ aesthetic 
emotion’ a number of elements are lumped together, 
and some only of them are present in any particular 
case. Our reaction to any great work of art is complex. 
But one of the most important of our reactions, in many 
cases, is that our desire for comprehension is gratified. 
To comprehend a thing is to see it in its relations, to 
see it in its place within a particular framework. 

In the case of a work of literature this framework is 
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provided by the artist’s personal vision of life. This is, 
as it were, the unspoken context within which every- 
thing that the artist says acquires a meaning. And our 
lasting reaction to a work of art, the degree to which it 
works in us and modifies us when we have forgotten all 
its details, is dependent on the depth and compre- 
hensiveness of this vision. This is the light which 
pervades the whole work, and bestows on it such har- 
mony as it possesses, a harmony which lies much deeper 
than anything the artist may achieve by the technical 
dovetailing of the elements of his work. The chief 
function of art is to communicate this vision, and it is 
the mystery and miracle of art that it can do so. 

The comprehension bestowed by a work of art is 
really the communication of the artist’s personal vision. 
The comprehension bestowed by science is not so 
obviously personal. Indeed, it is generally supposed to 
be wholly impersonal. The frame of reference, or 
‘vision,’ within which a scientific theory exists is the 
group of fundamental concepts and principles in terms 
of which that region of nature is to be described. These 
fundamental terms have often been regarded as neces- 
sary and unchangeable. We have seen that they are 
not. Theoretically they have alternatives, although 
their adoption at that particular time may seem to have 
been psychologically inevitable. 

The Newtonian concepts, for instance, were the final 
formulation of ideas which, in a more or less vague 
state, had been ‘in the air’ for many years. Similarly, 
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the biological theory of evolution has a long history. 
The Darwinian form of it, in fact, was independently 
hit upon by two different men. It was, as people say, 
‘bound to come.” Nevertheless, even if the impetus 
of the whole scientific movement was towards the 
Newtonian concepts, we see now that those concepts 
were not theoretically necessary. Linstein’s utterly 
dissimilar way of looking at the same group of phe- 
nomena was a theoretically possible alternative. Not 
that Einstein could have produced his theory if he had 
lived at Newton’s time. In the absence of the neces- 
sary mathematical technique that would have been im- 
possible. In Newton’s time it is probable that Einstein 
would either have developed Newton’s theory or else 
have been the impotent prey of intuitions that he could 
not formulate. But this would have been merely an 
accident of history. Theoretically, the Newtonian 
concepts had alternatives. They were chosen although, 
as a mere matter of psychology, it may be, there was in 
fact no choice. 

Finstein’s theory is perhaps the clearest instance that 
can be given of our assertion that even a scientific theory 
may possess a personal element. LEinstein’s theory is 
so original that it is very difficult, even after the event, 
to provide it with an ancestry. It was not in the least 
a natural culmination of the ideas that preceded it. It 
was a bolt from the blue. The extraordinary lack of 
comprehension with which the scientific world at first 
greeted it was due not to its technical difficulties, but 
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to the unfamiliarity of the outlook it assumed. It 
seemed to be the product of an alien mind. 

We could say of this theory what Einstein said of 
some of the work of Gauss, that if its author had not 
thought of it, there is no reason to suppose that it 
would ever have been thought of. Science provides few 
instances of theories as original as this—indeed, perhaps 
there is no other scientific theory so intensely original 
as Ejinstein’s theory. But there are other scientific 
theories which have a strong element of originality. 
Maxwell’s electromagnetic theory, for example, was a 
very lonely achievement. 

And it is precisely this quality of originality which 
is the personal element in science. The majority of 
men of science, including some of the greatest, impress 
us as journeying along the highroad. Newton, for 
instance, revealed nothing totally unsuspected by the 
best of his contemporaries. It is as if many con- 
verging lines of thought came to a focus in him. New- 
ton’s great quality was not a bewildering originality, 
but a bewildering and unequalled mastery of his 
material. Other men could see his problems; only 
Newton could solve them. 

But the men who strike us as having branched away 
from the highroad, and having thereby given science 
an entirely new direction, have put to themselves en- 
tirely new problems. It is here, of course, that the 
personal element in the creation of a scientific theory 
is most clearly revealed. The history of science is not 
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the history of some sort of automatic development. 
The actual course that science has pursued depends 
very largely on the types of mind which, as historical 
accidents, happen to have risen to the level of genius 
at favourable instants. 

It is often said that the essential distinction between 
science and art consists in the fact that science makes 
appeal to universal assent, whereas art does not. A 
scientific statement, we are told, is open to verification 
by anybody, whereas a work of art appeals only to 
people with certain sensibilities. A work of music 
means nothing to a man who is tone-deaf. Science 
deals with a ‘ public” world, whereas art is concerned 
with a private world. A colour-blind man, for instance, 
would not appreciate painting, whereas a man born 
blind could master the whole theory of optics. 

What are the primary judgments to which, according 
to this theory, science appeals? So far as the science 
of physics is concerned, they are judgments about the 
indications of measuring instruments. We have to 
say, for example, that a pointer coincides with a certain 
mark on a scale. We have to agree, also, about number 
judgments. We have to agree that an urn contains 
twelve balls, and not eleven or thirteen. These are 
the only judgments, we are told, that are involved in 
science, and about these we can secure unanimity. 
Two observers, with different colour perceptions, might 
disagree as the colour of some particular bright line 
in the spectrum, but they would both agree as to its 
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position on a numbered scale, that is, they would 
agree about its wave-length. And it is its wave-length, 
not its colour, that is dealt with by science. In any 
scientific statement where a colour is mentioned, the 
name of the colour could be deleted, and a figure for a 
wave-length substituted, without harming anything in 
the statement. The same is true about any scientific 
statement which seems to appeal to judgments about 
which men might differ. Two men might disagree as 
to whether one note was the octave of another, judging 
by sound only, but they would agree as to whether 
its rate of vibration, measured on a scale, was or 
was not double that of the other. And that, we 
are told, is all that is necessary for the purposes 
of science. 

Now we may admit that universal agreement may be 
obtained about such things as the number of objects 
in a collection or coincidences in space without there- 
fore concluding that science is potentially capable of 
securing universal assent. For science consists of 
a great deal more than such elementary judgments. 
The chief thing about science is its theories, and it 
is surely obvious that not all men are capable of 
assenting to its theories. A man may agree that a 
star crosses a wire in a transit telescope at the moment 
when the hands of a clock mark a certain time, but the 
theorem which enabled the astronomer to predict that 
occurrence may be for ever inaccessible to him. As a 
matter of fact, the upholders of this theory, which pro- 
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fesses to be so realistic in the sense of dispensing with 
all ‘ subjective ’ elements, are not realistic at all. 

A man may be blind, deaf, dumb, and paralysed— 
that, they cheerfully maintain, does not matter at all. 
But he must be a very fine reasoner. If we adopt this 
criterion that the truth of science is to be decided 
by an unanimous vote, then we must point out this 
unanimity, when it comes to actual science, and is not 
confined to such questions as the number of matches 
in a match-box, cannot be obtained. A large section 
of mankind, perhaps the majority, are congenitally in- 
capable of understanding Einstein’s theory, for example. 
If such people are to be ruled out as not affecting the 
unanimous vote, on what ground is the poet to be 
differentiated who rules out all those people who are 
insensitive to poetry? In both cases the claim could 
be made that if all people possessed the requisite sensi- 
bilities or faculties, the vote would be unanimous. And 
this is, in fact, the implied claim of those who preach 
the complete objectivity of science. For their criterion 
for objectivity is merely universal assent. 

But even if we abandon the criterion of universal 
assent, and grant votes only to those capable of forming 
a judgment, we still do not get unanimity. It is notori- 
ous that theories that have been found convincing by 
some scientific men have been found unconvincing by 
others. Faraday, for instance, was opposed to the 
atomic theory at a time when, in the judgment of most 
of his contemporaries, it was well established. 
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At the present day we have an interesting example 
of the influence of purely ‘ subjective’ factors in the 
creation of scientific theories in the methods adopted 
by Einstein and Eddington respectively in their 
attempts to reduce the laws of electromagnetism to 
geometry. Judged by the scientific criterion of account- 
ing for phenomena, there seems nothing to choose be- 
tween them. But Einstein has said that he dislikes 
Eddington’s theory, although he is unable to disprove 
it, and Eddington has said of Einstein’s theory that it 
is a matter of taste. Here we are in a region where 
the ordinary ‘ objective’ criteria fail us. Our attitude 
towards these theories seems to depend on considerations 
which are, at bottom, aesthetic. 

Other instances could be given, particularly from 
present-day quantum theory, where a chain of reasoning 
which is found quite convincing by one authority is 
found unconvincing by another. And the different 
judgments seem to depend on considerations which the 
authorities concerned find too elusive for expression. 
This dilemma sometimes becomes so acute, Professor 
Levy tells us, that a scientific society, in view of the 
conflicting reports of its referees, cannot decide whether 
to publish a certain paper or not. And Poincaré has 
told us that even in pure mathematics, where reason, 
one would think, is most pure and undefiled, a proof 
which is quite satisfactory to one mathematician is 
often not at all satisfactory to another. Indeed, Poin- 
caré was led to divide mathematicians into psychological 
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types, and to point out that a kind of reasoning which 
would convince one type would never convince another. 
These differences, in his opinion, are fundamental, 
and play a great part in the actual construction of 
science. 

In view of these facts it is obviously misleading to 
present science as differing fundamentally from the arts 
by its ‘impersonal’ character. There is no absolute 
difference here, but only a difference of degree. Science 
is less personal than the arts, but it is a mistake to 
suppose that it is wholly impersonal. The reason for 
the difference les in the fact that beauty and truth, 
in spite of Keats, are commonly distinguished. A work 
of art aims more consciously and deliberately at beauty 
than does a scientific theory. There are some works 
of art, indeed, where it is difficult to see that the 
criterion of truthfulness has any relevance at all. This 
is most obviously the case with some musical works. 
There are other works of art—e.g. in literature and 
painting—where truthfulness is relevant. And while 
it is probably true that no scientific theory has been 
constructed in complete independence of aesthetic con- 
siderations, it is nevertheless true that these alone are 
not sufficient. 

Perhaps this is as far as the discussion can be carried 
on the common-sense level. A further analysis would 
have to distinguish between, for example, the ‘ truth’ 
of mathematics and the ‘truth’ of physics. And we 
would have to question the complete independence of 
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the quality called ‘ beauty.” We have already likened 
mathematics to music, and it could be objected that, 
since a mathematical development must be logical, 
any aesthetic charm it possesses must be incidental. 
But a musical development also obeys laws; it is not 
capricious. And although these laws are doubtless 
more various than those of logic and have not yet 
been isolated and given names, they nevertheless 
exist. 

And in neither case is the beauty of the development 
some kind of extraneous quality mysteriously added on. 
It is in virtue of the fact that the development does 
obey laws that it is beautiful. Here, at any rate, we see 
some sense in Keats’ remark that Truth is Beauty. 
When we come to an activity, such as physics, or a great 
part of literature, which is concerned with matters of 
fact, the notion of truth becomes somewhat different. 
Here we have the criterion of correspondence with an 
external world which need not have been as it is. But 
here, again, the truth is beautiful. Everywhere we 
encounter what Einstein calls ‘ pre-established har- 
monies,’ and since the discovery and revelation of such 
harmonies is the concern, in their different regions, of 
both the artist and the man of science, we see once again 
that there is no essential distinction between the sciences 
and the arts. 

In discussing the aesthetic aspect of science we have 
been discussing, perhaps at too great length, an aspect 
which appeals to the layman hardly at all. The layman 
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is impressed, naturally enough, by the magnificent 
panorama of nature that science spreads before him, 
but the beauty of scientific theories is perhaps a con- 
sideration that appeals only to the scientific man. 

The matter is different, however, when we come to 
what may be called the moral values incorporated in 
science. These have always been held, theoretically, 
in the greatest respect, especially the chief of them, 
namely, disinterested passion for the truth. But, as we 
have said, if we are to judge by its comparative rarity 
in the other activities of mankind, it is the most 
unpopular of virtues. How does it come about, then, 
that it plays so dominant a role in science? The first, 
and most obvious, reason is that science is an activity 
where success is not possible on any other terms. A 
business man, by concealment and misrepresentation, 
may become rich, that is, he may, by his standards, 
achieve success. <A politician who was impatient with 
misleading catchwords, who really tried to think things 
out, would probably find his ‘ usefulness’ destroyed, 
since he might become incapable even of simulating that 
degree of conviction and moral fervour which is neces- 
sary to sway large audiences. And an advocate whose 
speeches should reflect the purely scientific attitude, 
giving every fact its true weight, would not be likely 
to have a very successful career. Even those advocates 
who, we are told, never embrace a cause of whose justice 
they are not convinced, are hardly scientific, since they 
evidently have an extraordinary capacity for arriving 
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at definite conclusions on matters which are obviously 
debatable. 

Science is the activity where truthfulness is most 
obviously an essential condition for success. Its success, 
in fact, is measured by its truthfulness. Of hardly any 
other human activity can this be said. In nearly every- 
thing else truth is a means and not an end. And if it 
turns out to be an unsatisfactory means it is quite 
natural that it should be replaced by something else. 
But a scientific man who should misrepresent his obser- 
vations, or deliberately concoct arguments in order to 
reach false conclusions, would merely be stultifying 
himself as a scientific man. He would not be prosecut- 
ing science. An advertisement may tell lies, but then 
telling the truth is not its object. Its object is to sell 
the stuff, which is an entirely different object. This is 
not to say, of course, that scientific men invariably tell 
the truth, or try to, even about their science. They 
have been known to lie, but they did not lie in order to 
serve science but, usually, religious or anti-religious 
prejudices. They were aiming at a different form of 
* success.” 

Such cases are, as it happens, very rare. Perhaps the 
reason is to be found in the fact that the success thereby 
achieved is very short-lived. Always the experiments 
are repeated, or the reasoning checked. The rigorous 
criticism, the complete lack of indulgence, that is shown 
by the scientific world, is one of its most agreeable 
characteristics. Its one simple but devastating criterion 
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‘Is it true?’ is perhaps the chief characteristic that 
makes it seem such an oasis for the spirit in the modern 
world. 

One reason, then, for the embodiment of the disinter- 
ested passion for truth in science is that the activity is 
meaningless without it. But how did men come to 
pursue an object which can only be reached by what 
seems to be generally considered as a very painful dis- 
cipline ? The answer is that, owing to the nature of 
the subject-matter of science, the discipline was not felt 
to be painful. On all matters where their passions are 
strongly engaged, men prize certitude and fear know- 
ledge. From certitude can come purpose and a feeling 
of strength. It breeds courage and action, and is a ready 
means of ensuring that most desired of all things, an 
increased sense of vitality. Only the man of strong con- 
victions can be a popular leader of mankind. For most 
men in most matters, whether it be the justice of a war, 
the rightness of a political creed, the guilt of a criminal, 
the wholesomeness of apples, certitude, in the entire 
absence of adequate evidence, is easily arrived at and 
passionately welcomed. 

The scientific insistence on evidence, and the scientific 
absence of generosity in drawing conclusions from 
evidence, are resented in these matters. The scientific 
attitude, it is felt, with its promise of a long and very 
probably inconclusive investigation, would merely dam 
up the emotions that are clamouring for an outlet. But 
the matters with which science has hitherto been chiefly 
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concerned are comparatively indifferent to us. For that 
reason science has been so successful. When Galileo 
investigated the law governing the motion of falling 
bodies, we cannot imagine that he cared in the least 
what the law would turn out to be. He could search 
for the truth with a single mind because none of his 
emotions could be outraged by the result. Similarly 
Newton’s demonstration of the law of inverse squares 
roused no horror anywhere. Nobody had a strong 
emotional preference for the law of inverse cubes. 

Towards most of the results of science we are indiffer- 
ent. Their charm lies in the fact that they illustrate a 
harmony, but the results, in themselves, are matters of 
indifference. Any other results would do, provided they 
illustrated an equally beautiful harmony. The empirical 
fact that the velocity of light is nearer to 186,000 miles 
per second than it is to double that figure, excites no 
particular interest. But the fact that there must be 
an unsurpassable critical velocity in the sort of non- 
Euclidean universe we live in, is a matter of great 
interest. 

Our reaction to most scientific facts is one of indiffer- 
ence, and our reaction to most scientific theories is one 
of purely aesthetic appreciation. But when a scientific 
theory has a philosophic, religious, or briefly, a * human ° 
interest, we find at once that we are no longer content 
with our réle of the disinterested seeker after truth. 
The opposition encountered by the Copernican theory 
and the Darwinian theory gives sufficient evidence of 
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this. The splendid moral integrity manifested in scien- 
tific work, therefore, is due very largely to the nature 
of scientific material. It shows us the height to which 
man can rise, provided that a part only of his nature is 
involved. Science is truthful because it has practically 
no temptation to be anything else. In his work the 
scientific man is an artist, and his moral standard is 
superb, but the value of his example to the rest of man- 
kind is limited by the fact that, in his work, the scien- 
tific man is not completely a man. 


CHAPTER VIII 
TOWARDS THE FUTURE 


Tue ultimate justification of any intellectual activity is, 
it appears, its effect in increasing our awareness or 
degree of consciousness. Increase of consciousness 
appears, too, to have been one of the purposes of evolu- 
tion, if we are to attribute purpose to that process. 
Certainly the most significant factor in the development 
from amoeba to man seems to us to have been the 
increase in consciousness. Also the activities we most 
value are those that do the most to increase our aware- 
ness, of ourselves, of our fellow-creatures, and of the 
material universe we live in. 

This is obviously the case with art. The great artist, 
painter, poet, or musician, makes us aware as we have 
never been aware before. He extends and subtilizes 
certain elements of our experience and so gives us greater 
knowledge and mastery of life. It is even possible that 
he acquaints us with radically new experiences and, if 
he be a great artist, we feel that these experiences are 
not freakish, but significant because in the main line 
of man’s development. He voices : 


The prophetic soul of the wide world 


Dreaming on things to come. 
281 
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This is the life-giving quality of art, and the added 
comprehension so bestowed is, as we have said, an 
essential element in what is called the aesthetic 
emotion. 

The great value of science, from this point of view, is 
that it has introduced us to new ways of thinking. This 
is particularly true of the mathematical sciences. 
Huxley’s statement, that scientific thinking is ‘ organ- 
ized common sense,’ is most plausible when applied to 
such a science as his own, biology, but it sounds very 
strained when we think of the new forms of the 
quantum theory and of the non-Euclidean geometries. 
Here we are in the presence of imaginative efforts 
which are altogether outside what is called common 
sense. 

In the non-mathematical sciences new ways of think- 
ing are not so apparent. Indeed, it may be through 
the limitations of common sense that these sciences are 
in their relatively unsatisfactory condition. Biology, 
for example, appears to be in urgent need of new con- 
cepts, and it does not seem that any biologist has yet 
appeared who is capable of the requisite imaginative 
effort. The present-day difficulties of physics itself 
probably spring from the fact that its imaginative 
efforts have not been imaginative enough. We are 
still hampered by our habitual modes of thought even 
when, as with the modern mathematical physicist, they 
have departed a long way from common sense. As 
Professor Lindemann says, when pleading for the 
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necessity of a revision of our notions of space and 
time : 

‘ Nevertheless, it is impossible for us, constituted 
as we are, to escape from spatio-temporal coordinates. 
We cannot think in other terms, we cannot even speak 
the new language which would be required. Physics 
expressed in quanta of action would convey nothing 
to our minds. We are therefore obliged to submit 
to the necessity of describing reality in terms of space 
and time, we are compelled to use unsuitable, and in 
certain circumstances meaningless, coordinates. All 
the quantum difficulties arise from the fact that we 
have not recognized the limitations of the spatio- 
temporal description of ultimate units. Once this 
has been fully apprehended the results appear natural 
and inevitable.’ 


We may say that the chief part played by science in 
helping on the developing consciousness of man is to be 
found in the new thoughts that it has made us think. 
The great merit of Einstein’s theory, for example, from 
this point of view, is that it has enriched our conscious- 
ness by making us acquainted with a new and valuable 
way of thinking. This would remain a valid acquisition 
even if the theory, as a physical description of the 
universe, were disproved to-morrow. It would still be 
valuable for its effect in heightening our intellectual 
discrimination and subtlety, just as a work of art can 
be valued for its effect in refining and subtilizing our 
emotions. 

But besides this cultural aspect of science, which is 
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perhaps only to be fully appreciated by the student, 
science has aided the growth of consciousness by making 
us more aware of the universe we live in. It has had, 
on a great scale, the cultural effect popularly attributed 
to foreign travel, and, like foreign travel, it can _pro- 
foundly disturb some of the convictions with which 
we were quite content at home. 

Amongst the ingredients of our total outlook that 
must be attributed to science is our modern conviction 
that natural phenomena behave in an orderly manner. 
That nature is orderly is a conviction that was held 
before modern science was born, but it was then based 
on beliefs about the nature of God and the destiny of 
man. The conviction is now based on entirely different 
grounds—chiefly on the work of Isaac Newton. 

The belief that nature is orderly is not yet universal. 
Savages, we are told, live in a completely capricious 
universe, and we still find congregations praying for 
rain although they would hesitate, probably, to pray that 
the sun might stand still. That is because astronomy 
is a more developed science than meteorology. As we 
know, this belief that every natural process is deter- 
mined by strict causality is not now held by all men of 
science. But the scepticism only affects the minutiae 
of nature. For all the phenomena that fall within 
ordinary experience determinism holds. Astronomers 
continue, with complete confidence, to calculate eclipses. 

Science, besides convincing us that nature is orderly, 
has expanded our imaginations by giving us utterly 
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new and unsuspected information about the scale of 
the universe. It is difficult to say which is the more 
alien to our ordinary experience, the upper limits or 
the lower limits of the universe, that is, the distances 
and times dealt with by astronomy or the distances and 
times dealt with by physics. Perhaps the astronomical 
distances are the most alien, for, as Eddington has 
pointed out, a man’s physical dimensions are about 
half-way between those of an atom and those of a star, 
but the smallest of physical entities, an electron, is 
not so much smaller than an atom as a star is smaller 
than the whole universe. This last ratio, of course, 
only has a meaning if the universe is finite, and this is 
what the modern theory supposes it to be. 

Thus, in spite of its measured distances of millions 
of light years, the modern universe is a smaller thing 
than the infinite space, with its infinite number of 
galaxies, dreamt about by such a man as Bruno. Yet 
there is a sense in which it is difficult to say even this. 
For this finite universe is supposed to be expanding, and 
expanding with an ever-increasing velocity. Thus no 
permanent limit can be assigned to it. It appears to 
remain finite, however, in the sense that only a finite 
amount of matter continues to populate it. 

The total amount of matter in the universe can be 
tentatively estimated on theoretical grounds. The 
estimates vary, but a recent one given by Eddington 
is at least easy to remember. All the bodies of the 
universe, as we know, are collected into galaxies—the 
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spiral nebulae, or ‘ island universes,’ as they are some- 
times called. Eddington supposes that there are about 
one hundred thousand million of these galaxies scat- 
tered throughout space, and that each galaxy contains, 
on an average, one hundred thousand million stars. 
Observation halts a long way behind this estimate. 
Our telescopes reveal to us only about one part in a 
hundred thousand of this total. 

Amongst the galaxies that have been observed, the 
most remote of those whose distances have been measured 
has a distance of one hundred and fifty million light 
years. This is receding from us with a velocity of fif- 
teen thousand miles per second. Practically all the 
galaxies whose motions have been measured are found 
to be receding from us, and it is probable that the few 
which do not share in this motion will be found to do 
so when the proper corrections for the motion of the 
sun have been applied. This is, of course, what we 
should expect on the theory of an expanding universe. 
We can hardly suppose that this general recession is 
a mere coincidence, that the random motions of the 
galaxies are such that they all happen to be going away 
from us. But besides this qualitative confirmation, 
the measured velocities of recession confirm the theory 
quantitatively. For they recede faster the farther they 
are away, which is exactly what the theory predicts. 

We have already remarked on the fact that this theory 
is a theory of expanding space. So far as the motions 
of the galaxies are concerned it is obvious that we could 
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picture them as moving in an infinite, Euclidean space 
—the space of common sense. But the theory which 
predicts these motions cannot assume such a space; it 
assumes the spherical space of Relativity Theory, and 
the fact that it predicts the motions is therefore a strong 
support for the truth of its assumption. The observed 
fact of the recession of the galaxies is perfectly com- 
patible, of course, with the notion of an infinite Euclidean 
space. But the only theoretical reason yet given for the 
observed fact involves the idea of an expanding spherical 
space. 

The fact that space is now expanding inevitably raises 
the question as to how this state of affairs came about. 
There are various answers to this question, and they are 
all of them highly speculative. One theory, favoured by 
Eddington, pictures the universe as originally consist- 
ing of a uniform distribution of matter throughout 
spherical space. Such a universe could endure in that 
state for a very long time, for it has a large element of 
stability. But local irregularities would lead gradually 
to the formation of condensations, and then an element 
of instability would have crept into the world. Between 
the condensations there would be a force of repulsion. 
There would also, of course, be the force of gravitational 
attraction. It would be possible for these forces to be 
perfectly balanced. But the condition is essentially 
unstable. The slightest disturbance would start the 
universe either contracting or expanding. Whichever 
tendency prevailed, would go on prevailing. For as the 
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condensations receded, the gravitational force between 
them would progressively diminish and so become less 
and less able to overcome the repulsive force. And in 
the opposite case the gravitational force would become 
more and more triumphant. As a matter of observa- 
tion we conclude that the repulsive force has 
triumphed, and we conclude from theory that it will 
go on doing so. 

This repulsive force pertains to everything in the 
material universe. It exists between the bodies com- 
posing a galaxy, and between the atoms of those bodies. 
But in these cases its influence is masked by the gravi- 
tational attraction. This fact removes an ambiguity 
that might otherwise attach to the term ‘ expanding 
space.” For it might be thought that the term meant 
that every pair of points in space shared in the expan- 
sion. Thus we might suppose that a foot-rule, a human 
body, and every other material structure shared in the 
expansion. The theory would thus be deprived of all 
meaning, for such a uniform expansion is meaningless. 
But the theory does not assert this. A foot-rule remains 
a foot-rule. It is only the inter-galactic distances that 
increase, and they increase in the perfectly intelligible 
sense that it would take more foot-rules to fill them. 
Even the galaxies themselves do not increase in size. 
Distant as are the stars composing a galaxy from one 
another, the gravitational attraction is yet too strong. 

The universe is expanding relative to the standard 
metre. It is possible, of course, to view the matter the 
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other way round, and to suppose that the metre is 
shrinking. To quote Eddington !: 


* Let us then take the whole universe as our standard 
of constancy, and adopt the view of a cosmic being 
whose body is composed of intergalactic spaces and 
swells as they swell. Or rather, we must now say it 
keeps the same size, for he will not admit that it is 
he who has changed. Watching us for a few million 
years, he sees us shrinking ; atoms, animals, planets, 
even the galaxies, all shrink alike; only the inter- 
galactic spaces remain the same. The earth spirals 
round the sun in an ever-decreasing orbit. It would 
be absurd to treat its changing revolution as a con- 
stant unit of time. The cosmic being will naturally 
relate his units of length and time so that the velocity 
of light remains constant. Our years will then de- 
crease in geometrical progression in the cosmic scale 
of time. On that scale man’s life is becoming briefer ; 
his threescore years and ten are an ever-decreasing 
allowance. Owing to the property of geometrical 
progressions an infinite number of our years will add 
up to a finite cosmic time; so that what we should 
call the end of eternity is an ordinary finite date in 
the cosmic calendar. But on that date the universe has 
expanded to infinity in our reckoning, and we have 
shrunk to nothing in the reckoning of the cosmic being. 

We walk the stage of life, performers in a drama for 
the benefit of the cosmic spectator. 

As the scenes proceed he notices that the actors 
are growing smaller and the action quicker. 





1 The Expanding Universe. 
T 
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When the last act opens the curtain rises on midget 
actors rushing through their parts at frantic speed, 
smaller and smaller. Faster and faster. One last 
microscopic blur of intense agitation. And then 
nothing.’ 


The cosmic being will then presumably cease to think 
about us. But we, in the meantime, will have lived to the 
‘end of eternity.” 

The hypothesis that the present state of affairs came 
about from an initial uniform distribution of matter 
is only one of a number of alternative theories. And 
there are some authorities who hold that the apparent 
recession of the galaxies is illusory. These velocities 
of recession are measured, of course, by analysing the 
light we receive from these galaxies, and measuring the 
shift of the spectral lines towards the red end of the 
spectrum. But this * reddening of the light,’ according 
to some authorities, does not necessarily indicate a 
velocity of recession. It may be accounted for, they 
suppose, by a gradual loss of energy suffered by the 
light on its long journey through the intergalactic 
spaces. But there is not, at present, any theoretical 
reason for this presumed loss of energy. 

If the galaxies are not really receding, then it is still 
possible for astronomers to hold to the enormous age 
they have attributed to the universe. This age, based 
on various lines of evidence, works out at millions of 
millions of years. And if this age be accepted the 
hypothesis of the annihilation of matter is, as we have 
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seen, almost inevitable. For no other process but the 
actual change of matter into radiant energy could keep 
up the necessary supply of energy for the time required. 
But if the theory of the expanding universe be adopted, 
this vast lapse of time can no longer be allowed. It can 
be shown that, by tracing the process backwards, the 
universe would already have been concentrated into a 
compact mass long before we had explored millions of 
millions of years. The greatest age compatible with 
the theory of an expanding universe is one of some 
thousands of millions of years. This is not long enough, 
according to some authorities, to allow for the evolution 
of stellar systems having reached its present stage. On 
the other hand, the reduced time-scale does not make 
the annihilation of matter necessary. Enough energy 
to last for this length of time would be provided by the 
building up of hydrogen into the more complicated 
chemical elements. We have no direct evidence either 
for the annihilation of matter or for the building up of 
matter, so that, on this ground alone, there is nothing 
much to choose between the theories. 

Both the size and the age of the material universe are 
at present matters of great uncertainty. In neither 
respect is the universe infinite. Although the spaces 
and the times dealt with by astronomy are vast beyond 
all imagination, they are not unlimited. We find the 
same character of finitude when we turn to the smallest 
distances and times that science has yet revealed. It 
is a curious fact that nature is limited in both directions. 
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We may say that the notion of infinity, useful as it is to 
the mathematician and philosopher, is not required by 
the physical investigator. ‘The world of matter is, in 
all respects, a finite affair. 

The smallest distances and times dealt with in physics 
are just as unimaginable as are the greatest distances 
and times dealt with by astronomy. In the facts it 
reveals, as well as in its theories, science has long out- 
run the possibilities of the pictorial imagination. This 
happens long before we reach the minutest entities with 
which physics is concerned. It happens, for instance, 
when we are told that the molecules of air, at ordinary 
temperatures, are colliding with one another five thou- 
sand million times a second. The number of molecules 
in an ounce of water is about a million million million 
million. The estimated wave-length of the highly 
penetrating ‘ cosmic” radiation is about one-tenth of a 
million millionth of a centimetre. Minute as an atom is, 
the nucleus of an atom is about one hundred thousand 
times smaller. Round this nucleus the outer electrons 
are revolving several thousand million million times a 
second. 

Such examples could easily be multiplied. But they 
do nothing to impress our imaginations, for we can 
form, no pictures to correspond to them. The world of 
physical science, both in its lower and its upper limits, 
is something altogether alien to us. But in both cases 
there are boundaries. We have already seen that space 
is not infinite, but finite, although expanding. Simi- 
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larly, minute as are the entities dealt with by physics, 
there is reason to suppose that there is a lower limit 
beyond which the notions of space and time measure- 
ments become meaningless. This is another aspect of 
a principle we have already mentioned, the principle 
of indeterminacy. 

Implicit in the notion of a measured distance is the 
notion of an operation which could be carried out 
without disturbing that distance. In stretching a 
measuring tape between the walls of a building, for 
instance, we do not suppose that the pressure of the 
measuring tape on either wall disturbs the position of 
the walls. Yet unless the walls are of infinite mass the 
pressure does disturb them, although the error so intro- 
duced is, of course, altogether inappreciable. Even if 
we make our measurements with a theodolite, and thus 
use a ray of light as our measuring rod, the walls are 
still disturbed, for light exerts pressure. The very 
operation of measurement does in fact, introduce an 
error into the measurement, although in all practical 
and most scientific measurements, this error is alto- 
gether negligible. 

But when we come to consider phenomena in which 
single electrons are involved, the errors so introduced 
are of the same order of magnitude as the quantities 
to be measured. And these errors can in no way be 
avoided. They are not due to human imperfections ; 
they are necessary consequences of the very structure 
of matter and energy. The disturbance inflicted by 
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our measurements cannot, even in the ideal case, be 
reduced to nothing. It must have at least the dimensions 
of the quantum constant ‘ h’—an exceedingly minute 
quantity, but not nothing. 

The fact is, that our notions of precise spatial and 
temporal location do, to some extent, break down when 
we come to consider the ultimate particles of matter. 
These notions are abstractions from gross experience. 
It is not so surprising, therefore, that they turn out to 
be not quite suitable to a different range of experience. 

The sense in which the precise position and velocity 
of an electron is a meaningless concept has been well 
illustrated by Professor Lindemann. He says: 


‘ All physical objects directly observable appear to 
have some colour. ... One could imagine... an 
object which was bleached white the moment it was 
exposed to light. There could be no sense in discuss- 
ing its colour. For the moment light fell upon it, 
i.e. the moment one endeavoured to ascertain its 
colour, it would appear white, and it would be meaning- 
less to ask what its colour was in the dark. If all 
objects were of this nature, the concept of colour 
would never have been formed, and the idea that 
every object must have some definite colour would 
never have arisen. 

A well-known instance of a similar anomaly is the 
impossibility of describing the smell of chemical sub- 
stances which are changed by being brought into 
contact with air. Nitric oxide in the presence of 
oxygen forms the well-known brown gas, nitrogen- 
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peroxide. It is obviously meaningless to discuss the 
smell of nitric oxide. It could only be ascertained 
by bringing it into contact with the mucous membrane 
of the nose. It would be impossible to do this without 
its being exposed to air, i.e. converted into nitrogen- 
peroxide. Its smell therefore can never be ascertained, 
and there is no sense in discussing it.’ 


The precise position and velocity of an electron could 
not be observed because it is disturbed by the very 
act of observing it. And this is true because all natural 
processes, including any conceivable act of observation, 
have an atomic constitution. Only those objects which 
are not appreciably disturbed by a single atom of energy, 
could, even ideally, be satisfactorily measured. We may 
remark here that this fact does not imply that a par- 
ticular characteristic, say position, has a theoretical 
lower limit. We could, theoretically, determine the 
position of an electron as precisely as we pleased. But 
if we made the error of position zero, the degree of error 
imported into the electron’s other characteristic, its 
velocity, would become infinite. And as we require to 
know both characteristics precisely before we can 
predict, that is, before we can apply the law of causality, 
we see that the law of causality is useless to us. It is 
useless because the information on which it must be 
based is, by the nature of things, inaccessible to us. 

We have seen that the original elements in modern 
scientific thought, the new way of thinking, have come 
from the mathematical sciences. It is in these sciences 
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that common sense has been found most inadequate. 
The other sciences, as chemistry and biology, have 
done relatively little in the way of making us acquainted 
with radically new ideas. It is true that there are some 
biologists who find the current common-sense outlook 
inadequate, but a satisfactory set of new ideas has not 
yet been evolved. The present break-away from long- 
established habits of thought owes practically nothing 
to the non-mathematical sciences. Their cultural 
value is to be found in their facts rather than in their 
principles. 

Chemistry, for example, whose practical value to our 
civilization can hardly be exaggerated, is valuable more 
for the control it gives us over nature, than for the 
insight it gives us into nature. The chemist’s power 
of control results, of course, from the insight he has 
obtained, but it so happens that great depth of insight 
is not necessary in order to gain great power of control. 
With a simple form of the atomic theory as his theoretical 
equipment the chemist can conquer vast regions of prac- 
tice. The atomic theory, in order to be sufficient for 
chemical purposes, does not need to be very searching, 
Doubtless there are chemical phenomena, here and 
there, which the immensely complicated atom of the 
physicist will one day be required to illuminate, but for 
the most part a much simpler atom is sufficient for the 
chemist’s needs. And the atomic theory is the one 
fundamental contribution that chemistry has to make 
towards our understanding of the structure of the 
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universe. And it is only in its simple form, in its main 
lines, that the atomic theory is really helpful to the 
chemist. For this reason we are not justified in expect- 
ing great theoretical advances from the chemistry of 
the future. The direction of any possible theoretical 
advance in chemistry lies, so far as we can see, through 
physics. The present and probable future value of the 
science of chemistry to man rests almost wholly upon 
its immense practical importance. 

Biology, perhaps the least developed of the studies 
that truly deserve the name of science, is in a very 
different case. Its practical importance, although very 
considerable, is not at present overwhelming. A mas- 
sacre of chemists would bring about the downfall of 
our civilization; a massacre of biologists would have 
unfortunate, but not disastrous, results. Biology is 
not to be valued chiefly for its practical importance. 
Neither is it of any great consequence theoretically. 
It is seldom that we come across a biological idea that 
impresses uS as a Staggering intellectual conquest. 
Even the theory of natural selection does not reveal 
hitherto unsuspected resources of the mind. Indeed, 
it is difficult to resist the impression that, on its theoreti- 
cal side, biology is exceptionally inadequate. It seems 
to be quite surprisingly deficient in distinctive concepts. 

Those who have tried to introduce some sort of com- 
prehensible order into the bewildering and multitudinous 
phenomena of life by constructing concepts peculiar to 
living systems have not been successful. So that, as 
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things are, Biology’s main contribution to our theoretical 
understanding of the world is the stale and unlikely 
surmise that a living organism will turn out to be nothing 
but a mechanical system. But perhaps we should regard 
this not so much as a conviction as a sort of mental 
marking time while waiting for a more satisfactory idea 
to occur to somebody. 

The chief cultural value of biology is not to be found 
either in its practical or theoretical aspects, but in the 
amazing panorama it spreads before us. There is no 
study whose subject-matter is so varied. Even the 
range in mere size is enormous, ‘a big tree being as 
many times larger than a small bacterium as the sun 
is larger than the tree. It is startling to find that there 
exist adult insects, with wings and legs, compound 
eyes and striated muscles, smaller than the human 
ovum ; that jelly-fish may reach nearly a ton in weight ; 
that the largest elephant has clearance top and bottom 
inside a whale; or that there are Protozoa larger than 
the smallest Vertebrates.” 4 

And the varieties in structure and habit of living 
things is no less remarkable than their variations in size. 
It is due to this enormous variety that biology is so 
rich in special problems. In this respect it is vastly 
more complicated than any other science. The total 
number of substances known to the science of chemistry, 
for example, is as nothing compared to the number of 
species of living things. And each species presents 
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many more aspects to be accounted for than does any 
chemical compound. Indeed, the scientific account of 
living things does already, in its first stages, completely 
exhaust the science of chemistry. That unit of living 
organisms, the cell, both in the substances that com- 
pose it and in the arrangement of those substances, 
presents problems which extend beyond the frontier 
of present chemical and physical knowledge. And 
after that come all the problems that are peculiar to 
biology. 

The sheer variety of the subject-matter, as we may 
well suppose, would make the discovery of general 
principles, admitting of no exceptions, one of immense 
difficulty. We apparently cannot even generalize the 
statement ‘ all men are mortal’ into ‘ all living things 
are mortal,’ for it appears that the amoeba eludes this 
law. It is not surprising that there are very few general 
laws in biology, and that not one of these laws can be 
convincingly shown to have a universal application. 
The doctrine of natural selection gives a neat explana- 
tion of a large number of phenomena, but there are also 
plenty of phenomena where it only succeeds by being 
stretched and modified in a not very convincing fashion. 
Similarly, the Mendelian theory of inheritance still 
encounters anomalies. We may liken these biological 
theories, at best, to the elastic solid ether theory of 
light. That theory also explained a great number of 
phenomena, and even succeeded in predicting new ones 
which were subsequently observed. But there were 
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always details that remained recalcitrant, and although 
some of them yielded in time to successive modifications 
of the theory, the theory was never enabled to cover 
the whole field. We know that the fate of this theory 
was to be scrapped, lock, stock and barrel. But it is 
quite possible, of course, for a theory to encounter 
similar difficulties and still emerge triumphant. It may 
be that the current biological theories will prove to be 
of this kind. It is more exciting however, and probably 
more reasonable, to suppose that biology will give birth 
to radically new conceptions. 

Judged by the austere standards of the mathematical 
sciences, biology is the most immature of the sciences, 
for such studies as psychology, sociology, and so on 
are hardly sciences at all. The great intellectual con- 
quests of the near future, the next great step forward 
in the development of the human consciousness, may be 
expected to come from biology. Physics looks as if it 
is approaching finality in the sense that it is approach- 
ing a stage of complete unification. Maxwell’s theory 
unified light, electromagnetism and radiant heat. The 
theory of relativity has effected a further great unifica- 
tion, so that gravitation and the laws of mechanics are 
also included within the scheme. So far as what is called 
‘ field’ physics is concerned, we seem to be within sight 
ofthe end. The other great characteristic of the physical 
universe, its atomic constitution, is still somewhat 
strange to us, but the quantum theory seems to repre- 
sent it correctly in its main lines. It seems very 
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unlikely that radically new phenomena, requiring 
radically new principles of interpretation, wait to be 
discovered. 

All the main lines of physical investigation have been 
found to converge, and although the convergence is 
not yet complete, there is every reason to suppose that 
in the not very distant future it will be. Of recent 
years physical science has not discovered any pheno- 
menon which lies right outside its scheme. When stars 
—the white dwarfs—were discovered having a density 
thousands of times that of platinum, the fact, although 
new in our experience, could readily be fitted in to the 
theoretical scheme of physics. The theory of the atom 
showed itself quite competent to accommodate this new 
fact ; it could, indeed, have foretold it. As an earlier 
example we may instance X-rays, which were fitted in 
quite readily to the electromagnetic theory of light. 
There are plenty of points where the physical universe 
still puzzles us, of course, but it seems unlikely that it 
will ever again completely bewilder us. It really seems 
as if the fundamental ‘ constants’ out of which the 
physical universe is composed are known, such constants 
as the electric charges and masses of the proton and 
electron, the quantum of action ‘ h,’yand the velocity of 
light. 

The connections between these constants, what inti- 
mate relations they may have, is still, of course, a matter 
for research. Why, for example, should the proton 
have eighteen hundred times the mass of the electron ? 
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But such questions, if answered, can only lead to 
a still greater unity within the present scheme of 
physics. 

It is possible, nevertheless, that our outlook on the 
physical universe will again undergo a profound change. 
This change will come about through the development 
of biology. If biology finds it absolutely necessary, for 
the description of living things, to develop new concepts 
of its own, then the present outlook on ‘ inorganic 
nature’ will also be profoundly affected. For science 
will not lightly sacrifice the principle of continuity. The 
richer insight into the nature of living matter will throw 
the properties of dead matter into a new perspective. 
In fact, the distinction between the two, as far as may 
be, will be abolished. 

This effort is already being made, of course, but from 
the other end. The present tendency is to reduce living 
organisms to mechanical systems. In view of what 
is now happening in physics itself it does not seem likely 
that this effort will be successful. ‘ Particle’ physics, 
with simple location in space and time, has definitely 
proved itself inadequate. It is very probable, as White- 
head maintains, that the notion of particle will have to 
be replaced by the gotion of organism. In order to avoid 
a break of continuity the notions of physics will have to 
be enriched, and this enrichment will come from biology. 
We can look forward to a further synthesis. The science 
of mind, at present in such a rudimentary state, will 
one day take control. In the service of the principle 
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of continuity its concepts will be extended throughout 
the whole of nature. Only so will science reach the 
unity towards which it is aiming, and the differences 
between the sciences of mind, life and matter, in their 
present form, will be seen to be unreal. 


Printed in Great Britain 
by TT. and A. CONSTABLE LTD 
at the University Press 
Edinbureh 


THE PHOENIX LIBRARY 


Pocket size, 35. 6d. net per volume 
The serial number of each volume follows the description. 


ACKERLEY, J. R. 
Hindoo Holiday 


A journal kept by an Englishman during his visit to the 
Court of an Indian maharajah. Unique in its kind and 
full of subtlety, shrewd observation and wit. (86) 


ADAM SMITH, JANET 
Poems of Tomorrow 
An anthology of modern poetry from The Listener. (113) 


ALDINGTON, RICHARD 
All Men are Enemies 
A romance, its scenes in England and on the Continent, 
which has been described as the perfect love story. (94) 
The Colonel’s Daughter 
This story portrays an English girl whom war and other 
circumstances have deprived of the chance of marriage. 
It is full of brilliant satire, and created a storm of con- 
troversy on its first appearance. (89) 
Death of a Hero 
A novel of the pre-war and war years in England. 
(58) 
Medallions 
Translations from Anyte of Tegea, Meleager, the Ana- 
creontea, and certain Latin poets of the Renaissance. (74) 
Roads to Glory 
Stories. (93) 
Selections from Remy de Gourmont 
Translated, with Introduction by Richard Aldington. (80) 
Soft Answers 
Stories. (97) 
Voltaire 
A biography, and a critical study. (go) 


I 


AUSTEN, JANE 
Love and Freindship 


A delicious jeu d’esprit; the author’s earliest work, written 
probably at the age of seventeen. G. K. Chesterton, in 
a characteristic introduction, describes it as a rattling 


burlesque. (29) 


BARBELLION, W.N. P. 


The Journal of a Disappointed Man 
Described by H. G. Wells in his introduction as the 


“ Diary of an intensely egotistical young naturalist, tragi- 
cally caught by the creeping approach of death. . . . One 
of the most moving records of the youthful aspect of our 
universal struggle.”’ (68) 


BELL, CLIVE 


Art 


The book in which Mr. Bell first propounded the theory 
of “significant form.”’ (12) 


Civilization 
A satirical criticism of modern civilization. (79) 


Since Cézanne 


Essays on modern artists and artistic subjects, ¢.g., Cézanne, 
Renoir, the Douanier Rousseau, Matisse and Picasso, 

- Duncan Grant, Negro Sculpture, Tradition and Move- 
ments, Art and Politics, etc. (41) 


BELLOC, HILAIRE 
The Mercy of Allah 


A novel which satirises modern finance. (6) 


BENNETT, ARNOLD 


The Grim Smile of the Five Towns 
Stories. (26) 


Tales of the Five Towns 
Stories. (5) 


BIERCE, AMBROSE 
In the Midst of Life 


Weird and thrilling tales, many of them concerning the 
American Civil War, by one of the greatest of American 
short story writers. (54) 


BIRRELL, AUGUSTINE 


Et Cetera 
Literary essays, including “ Boswell Disrobed,” “ John 
Bunyan,” “No Crabb, No Christmas,” ‘Thomas Love 
Peacock,” etc. (59) 


BRIDGE, ANN 
Peking Picnic 
Miss Bridge’s novel of China, her first, was awarded the 


Atlantic monthly prize, and ever since its first publication 
has proved a best-seller, both in England and America. 


; (107) 
CHESTERTON, G. K. 
A Short History of England (35) 


DOUGLAS, NORMAN 


How about Europe? 


A biting and very pointed reply to Katherine Mayo’s 
Mother India. (66) 


In the Beginning 


A fantasy, which, as the Times Literary Supplement said, 
shows Mr. Douglas’s imaginative powers at their best. (42) 


FAULKNER, WILLIAM 
Light in August 
This is Mr. Faulkner’s longest novel, and is considered by 
many critics to be his best. Of all the younger American 
writers he is the most experimental, and certainly among 
the most original. (99) 


Sanctuary 
A novel. (83) 


FOTHERGILL, JOHN 
An Innkeeper’s Diary 


Few innkeepers, alas, have kept diaries. None have 
been better worth keeping than that written at the 
‘ Spreadeagle,’ Thame. (88) 


FREEMAN, H. W. 
Joseph and His Brethren 


Mr. Freeman’s first novel has retained its popularity for 
many years. His scene is Suffolk, a county which he 
depicts with knowledge and tenderness. (91) 


FRY, ROGER 


Vision and Design 
Essays on art by one of the most distinguished of twentieth 
century critics. (15) 


GARNETT, DAVID 

Beany-eye 
A story. ‘‘ It is, I think, Mr. Garnett’s best book,” 
Spectator. (112) 

The Grasshoppers Come and A Rabbit in the 

Air (1 Vol.) 
The first of these two books is an exciting narrative of a 
long-distance flight which was within an ace of ending in 
disaster. ‘The second is Mr. Garnett’s account of how he 
himself learnt to fly. (101) 


Lady into Fox and A Man inthe Zoo. (1 Vol.) 
Lady into Fox, Mr. Garnett’s first story, won the Haw- 
thornden Prize and the James Tait Black Memorial Prize. 
It is here reprinted together with his second book, 4 Man 
in the Zoo. (7) 


No Love 
A modern novel which, as the Odserver said, shows the 
author to be one of the few younger writers “ clearly and 
obviously possessed of genius.” (75) 


The Sailors’ Return 
A story, its scene in Dorset, which the Empire Review 
rightly described as a masterpiece. (21) 


4 


HALDANE, J. B. S. 
Possible Worlds 


One of the most fascinating books of scientific essays 
published during the present century, and only equalled 
In its particular appeal by Mr. Haldane’s Inequality of 
Maz. Itis pithy, clear, and packed with ideas brilliantly 
expounded. (52) 


HAYWARD, JOHN 


Nineteenth Century Poetry 
An Anthology. (78) 


HEARD, GERALD 
These Hurrying Years 


An historical outline of the first third of the present cen- 
tury : a critical survey not merely of events, but of trends 
and discoveries. (105) 


HUGHES, RICHARD 


Confessio Juvenis 
Poems. (98) 

A High Wind in Jamaica 
Mr. Hughes’ immensely successful novel, which was 
awarded the Femina Vie Heureuse Prize. ‘The pene- 
trating and unsentimental portrayal of children will always 
arouse the keenest controversy. (73) 


A Moment of Time 
Stories. (51) 

Plays 
Containing “The Sister’s Tragedy,” “ A Comedy of 
Good and Evil,” “The Man Born to be Hanged,” and 
““ Danger.” (17) 


HUXLEY, ALDOUS 
Along the Road 


Notes and essays of a tourist. Divided into “ Travel 
in General,” “‘ Places,’ ‘“‘ Works of Art,” and “ By the 


Way.” (4) 
5 


Antic Hay 


A novel, described by Harold Nicholson as a landmark 
in post-war literature, and by the Evening Standard as 
“a peep-hole through which posterity will squint at 
London just after the War.” (3) 


Brave New World 


In a brilliant picture of a possible future state of society, 
Mr. Huxley challenges the modern progressive scientists 
with the question—whither are we progressing? Com- 
pletely different in manner and matter from his other 
novels, it is at once destructive and creative. In the 
opinion of Rebecca West, “it is one of the half-dozen 
most important books which have been published since 


the War.” (92) 
Brief Candles 


Stories, including ‘** Chawdron,” “‘ The Claxtons,” “* After 
the Fireworks,” etc. (64) 
Crome Yellow 


This was Mr. Huxley’s first novel, and it is as amusing 
and as readable to-day as when it was first written. (11) 


Do What You Will 
Essays, including “ Spinoza’s Worm,” “ Swift,” 
‘ Baudelaire,” and “ Pascal.” (71) 
Jesting Pilate 
The diary of a journey to India and Burma, Malaya, the 
Pacific and America (including Hollywood). (49) 
Limbo 
Stories, including ‘‘ Happily Ever After,’ ‘* Cynthia,” 
“The Death of Lully,” etc. (18) 
Little Mexican 
Storics, including ‘‘ Uncle Spencer,” ‘“ Hubert and 
Minnie,” “‘ Fard,” etc. (28) 
Mortal Coils 


Stories, including ‘“‘ The Gioconda Smile,” ‘“‘ The 
Tillotson Banquet,” ** Nuns at Luncheon,” etc. (22) 


6 


Music at Night 
Essays, including ‘‘ Tragedy and the Whole Truth,” 
“Squeak and Gibber,’” and “Foreheads Villainous 
Low.” (81) 
On the Margin 
Essays, including “‘ Subject Matter of Poetry,” “* Water 
Music,” “‘ Nationality in Love,” and “‘ Chaucer.” (25) 
Proper Studies 
Essays, including “ Education,” “ Political Democracy,” 
and ‘* The Idea of Equality.” (45) 
Texts and Pretexts 
An Anthology, with Mr. Huxley’s own running com- 
mentary, planned on original lines, and taking as its material 
the literature of many countries. (100) 
Those Barren Leaves 
Mr. Leonard Woolf, writing in 1925, said: ‘ This 1s 
the best novel by Mr. Huxley that I have read.” (14) 
Two or Three Graces 
Stories, including “‘ Half Holiday,” “The Monocle,” and 
“Fairy Godmother.” (36) 


HUXLEY, JULIAN 
Ants 


An illustrated monograph. (102) 
Bird-Watching and Bird Behaviour 
Illustrated. (95) 
Essays in Popular Science 
Including: ‘*T’he Determination of Sex,” ‘ Biology 
in Utopia,” “ Birth Control,” and “ Evolution and 
Purpose.” (34) 
Essays of a Biologist 
Including: ‘ Biology and Sociology,” “‘ Sex Biology and 
Sex Psychology,” and “‘ Religion and Science.” (16) 
What Dare I Think? 
The challenge of modern science to human action and 


belief. (85) 
7 


JEFFERIES, RICHARD 
Nature Near London 
Including: ‘ Footpaths,” “‘A London Trout,” “The 
River,” “Trees About Town,” etc. (116) 
The Life of the Fields 


Including: ‘“‘’The Pageant of Summer,” “ Nature near 
Brighton,” ‘* Village Miners,” etc. (115) 


The Open Air 
Including: ‘’The Modern ‘Thames,” ‘“ Beauty in the 
Country,” ‘‘ On the London Road,” etc. (114) 
JUNGER, ERNST 
The Storm of Steel 


A narrative of the War on the Western Front, as seen by 
a German front-line officer. Mr. Lloyd George has 
recorded his opinion that it is the best record of the 
actual fighting he has read. (57) 


KNOX, E. V. 
Humorous Verse: an Anthology 
Selected by the present Editor of Pusch. (77) 
LEHMANN, ROSAMOND 
Dusty Answer 
This novel of post-war Cambridge was praised on its first 
appearance by many eminent critics, and has retained its 


popularity ever since. (50) 


LEWIS, WYNDHAM 
‘Tarr 


Mr. Wyndham Lewis’s distinguished novel, long recog- 
nized as a landmark in contemporary fiction. (27) 


LEYEL, Mrs. C. F., and Miss OLGA 
HARTLEY 
The Gentle Art of Cookery 
Containing 750 original and delightful recipes. (38) 
MILNE, A. A. 
First Plays 
Containing: “The Boy Comes Home,” “ Belinda,” 
8 


“Wurzel Flummery,” “The Lucky One,” and “ The 
Red Feathers.” (10) 

Second Plays 
Containing: “ Mr. Pim Passes By,” ‘*’The Romantic 
Age,” “‘ Make Believe,” “‘ The Camberley Triangle,” and 
“The Stepmother.” (19) 

Three Plays 
Containing : “ The Great Broxopp,” “ The Dover Road,” 
and “The Truth About Blayds.” (30) 

Four Plays 
Containing: ‘‘ Ariadne (or Business First),” “‘’To Have 


the Honour,” ‘* Success,’ and “‘ Portrait of a Gentleman 
in Slippers.” (40) 


MONRO, HAROLD 
Twentieth Century Poetry : an Anthology 


One of the most popular anthologies of modern poetry, 
now in its 7th impression. (48) 


MONTAGUE, C. E. 


Action 
Stories. (55) 
Disenchantment 


A searching and memorable analysis of the War, written 
from the point of view of the average Englishman. (13) 
Dramatic Values 
Essays on the Drama. (76) 
Fiery Particles 
Stories. (9) 
The Right Place 
A highly individual book of holiday pleasures. (20) 
Rough Justice | 
Containing, as it does, some of Montague’s finest prose, 
“Rough Justice” is easily his best known novel. It 1s 


a magnificent picture of the generation who served in 
the War. (39) 


9 


A Writer’s Notes on his Trade 


An invaluable book for any aspiring writer, giving real 
insight into the structure and variety of good writing. (72) 


MOTTRAM, R. H. 


The Spanish Farm 
This novel is the first in Mr. Mottram’s “The Spanish 
Farm Trilogy”? 1914-1918. It was awarded the Haw- 
thornden Prize, and contains a preface by John Galsworthy. 
Madeleine Vanderlynden, the heroine, is one of the 
most quoted characters in the whole literature of the 


War. (53) 


Ten Years Ago 
A pendant to “ The Spanish Farm Trilogy.” (60) 


OWEN, WILFRED 


Poems 
Edited by Edmund Blunden. There is no fiercer in- 
dictment of war than these superb poems, written by 
a subaltern of the Manchester Regiment, who was killed 
in action in 1918 at the Sambre Canal, aged 25. (87) 


PARSONS, I. M. 
The Progress of Poetry 


An anthology of verse from Hardy to the present day. 
With an Introduction by the Editor. (117) 


PATMORE, COVENTRY 


Selected Poems 
Edited by Derek Patmore. (67) 


POWYS, T. F. 


The House with the Echo 
Stories. (31) 

Mr. Tasker’s Gods 
A novel. Next to “ Mr. Weston’s Good Wine,” this is 
probably Mr. Powys’ best known story, although it is an 
early one. (46) 


ro 


Mr. Weston’s Good Wine 

This story was originally published in a limited edition, 
which was sold out at publication. In the Phoenix 
Library it has proved itself to be by far the most popular 
of all the author’s books. It has been praised in print 
by a Prime Minister; and in the opinion of the author 
of “‘ Fiction and the Reading Public” it is one of the 
few significant works of fiction of the age. (23) 


No Painted Plumage 

Formerly issued under the title “ Fables.” (61) 
PROUST, MARCEL 

Swann’s Way (2 Vols.) (32/3) 

Within a Budding Grove (2 Vols.) (43/4) 

The Guermantes Way (2 Vols.) (62/3) 

Cities of the Plain (2 Vols.) (108 /9) 
C. K. Scott Moncrieff’s version of Proust’s great novel 
is admitted to be the principal triumph of modern trans- 
lating. ‘There was at one time a fashion in Paris to read 
Proust in the English edition. No greater compliment 
to a translator is possible. Of the countless tributes to 
Proust’s art, Joseph Conrad’s is one of the most gracious. 
** I don’t think there has ever been in the whole of litera- 
ture such an example of the power of analysis, and | 
feel pretty safe in saying that there will never be 
another.” 


ROLFE, Fr. (¢ Baron Corvo ’) 


Don Tarquinio 
A novel. (47) 

Hadrian VI] 
This is Rolfe’s best known novel, a masterpiece in the 
bizarre, and the subject of an excellent analysis in Mr. 
A. J. A. Symons’ biography of Rolfe. (37) 


ROS, AMANDA M. 
Delina Delaney 


This novel is the masterpiece of the author whom 
Mr. Aldous Huxley aptly described as “an Elizabethan 
born out of her time.” (111) 


Ir 


SAMPSON, JOHN 


The Wind on the Heath 


A Gypsy Anthology, illustrated with drawings by John 
Garside. Astorehouse of Romany literature and lore. (106) 


SHCHEDRIN (M. E. Saltykov) 
Fables 
Russian fables, translated by Vera Volkhovsky. (70) 


STENDHAL (Henri Beyle) 
The Charterhouse of Parma 
C. K. Scott Moncrieff’s translation of the magnificent 
novel so admired by Tolstoy, who said that Stendhal’s 
description of Waterloo in this book first taught him to under- 
stand war. ‘This edition is of well over 600 pages. (65) 


STRACHEY, LYTTON 

Books and Characters 
Essays on writers, French and English. (8) 

Characters and Commentaries 
Literary studies including a fascinating series on the 
English Letter Writers. (110) 

Elizabeth and Essex 
Apart from “ Queen Victoria,” this is Strachey’s most 
popular and best known biography. Queen Elizabeth 
emerges from its pages a living creature, while it contains 
one af the few convincing portraits not only of Essex but 
also of Sir Francis Bacon. (82) 

Eminent Victorians 
This book, which appeared first at the end of the War, 
when men’s minds were occupied with other matters, 
gradually became not only the most popular of bio- 
graphical books, but revolutionized the whole technique 
of biographical writing. It contains studies of Cardinal 
Manning, Florence Nightingale, Dr. Arnold, and 
General Gordon. (2) 

Portraits in Miniature 
Containing essays on six English historians and many 
celebrities, French and English, such as John Aubrey, 
James Boswell, and Madame de Sévigné’s cousin. (84) 


32 


Queen Victoria 
The first volume in the Phoenix Library, and still the 
leading biography of modern times. It was awarded the 
James Tait Black Memorial Prize in 1922, and has been 
a “‘ best seller’ for more than a dozen years. (1) 


STRINDBERG, AUGUST 


Tales | 
Translated by L. J. Potts. These folk tales and fantasies 
have a freshness and charm completely without the 
grimness which is evident in some of Strindberg’s plays. 


(56) 
SULLIVAN, J. W. N. 


Limitations of Science 
A general account, addressed to the lay reader, of the 
ground so far gained by scientific discovery. (96) 


TCHEHOV, ANTON 


The Cherry Orchard 
Plays, including “‘ "The Cherry Orchard,” “* Uncle Vanya,” 
“The Sea-Gull,” “’The Bear,” and “ The Proposal.”” (104) 


Three Sisters 
Plays, including “ Three Sisters,” “ Ivanov,” “A Swan 
Song,” “An Unwilling Martyr,” “The Anniversary,” 
** On the High Road,” and ‘* The Wedding.” (103) 


TURNER, W. J. 


Eighteenth Century Poetry 
An Anthology. (69) 


WARNER, SYLVIA TOWNSEND 
Lolly Willowes 


This enchanting story concerns a certain spinster lady 
who turned into a witch. Besides being an excellent 
fantasy, it contains some of the best writing that even 


Miss Townsend Warner has produced. (24) 
Orkher titles are in active preparation 


13 


THE CENTAUR LIBRARY 


Cr. 800. 35. 6d. net per volume 


RICHARD ALDINGTON 
35 The Colonel’s Daughter 
24 Death of a Hero 
20 Roads to Glory 
52 Soft Answers 
74 Women Must Work 


ADRIAN ALINGTON 
yt Ann and Aurelia 
37. The Career of Julian 
Stanley-Williams 
54 Chaytor’s 
8:1 Donaldson 
46 Mr. Jubenka 
14 Slowbags and Arethusa 


JAMES ASTON 
65 First Lesson 
64 They Winter Abroad 


CLIVE BELL 
10. Civilization 


ARNOLD BENNETT 
2x Three Plays 


ANN BRIDGE 
73 The Ginger Griffin 
82 Illyrjan Spring 
56 Peking -Picnic 
PETER CHAMBERLAIN 
84 What the Sweet Hell? 


G. K. CHESTERTON 
gs The Return of Don 
Quixote ° 


NORMAN DOUGLAS 
33. They Went 


WILLIAM FAULKNER 
77 Pylon 
47  Sartoris 
28 Soldiers’ Pay 
42 The Sound and the Fury 


14 


H. W. FREEMAN 
8 Down in the Valley 
58 Fathers of their People 
2 Joseph and his Brethren 
59 Pond Hall’s Progress 


DAVID GARNETT 
22 Go She Must 


JAMES HANLEY 
86 Stoker Bush 


RICHARD HUGHES 
1 <A High Wind in Jamaica 
23 A Moment of Time 
MARGARET IRWIN 
6 None So Pretty 


DENNIS KINCAID 
68 Cactus Land 
§7. Durbar 
87 ‘Tropic Rome 

ELISSA LANDI 
48 House for Sale 


ROSAMOND LEHMANN 
43 Dusty Answer 
51 Invitation to the Waltz 


WYNDHAM LEWIS 
32 The Wild Body 
D. M. LOW 
88 This Sweet Work 
83 Twice Shy 
F, L. LUCAS 
25 Cécile 
SARAH GERTRUDE 


MILLIN 
79 Three Men Die 


. MONTAGUE 


Action 
Right Off the Map 
Rough Justice 


. MOTTRAM 


The Banquet 

The Boroughmonger 
Castle Island 

The English Miss 
Europa’s Beast 

‘The Headless Hound 
Home for the Holidays 
The Lame Dog 

Our Mr. Dormer 


DAPHNE MUIR 


63 
67 


Barbaloot 
The Lost Crusade 


69 A Virtuous Woman 


BEVERLEY NICHOLS 


44 
9 
45 


Patchwork 
Prelude 
Self 


CLAUDIA PARSONS 
78 Brighter Bondage 


T. F. POWYS 
61 Innocent Birds 
62 Kindness in a Corner 
40 The Left Leg 
66 Mockery Gap 
50 Unclay 
72 The White Paternoster 
80 The Two Thieves 


V. S. PRITCHETT 
89 Nothing Like Leather 


H. S. REID 
18 Phillida 
SYLVIA TOWNSEND 
WARNER 


75 The Salutation 
3:1 The True Heart 


CATHARINE WHITCOMB 
go [ll Mourn You Later 


JAKE WYNNE 
85 Ugly Brew 


THE PHOENIX LIBRARY 
OF FOOD AND DRINK 


Small cr. 80. 


EDWARD BUNYARD 


tr The Anatomy of Dessert 


PAUL pe CASSAGNAC 
2 French Wines 


FLORENCE COWLES 


4 Five Hundred Sandwiches 


Uniform. 


35. Od. net 


ELIZABETH LUCAS 
6 A Pretty Kettle of Fish 


C. & M. pe SCHUMACHER 
3 Cook’s Tour of European 
Kitchens 


CORAL SMITH 
5 New Dishes from Left-Overs 


Orher titles are in active preparation 


THE GOLDEN LIBRARY 


Large Cr. 800. 


J. R. ACKERLEY 
15 Hindoo Holiday 


RICHARD ALDINGTON 
4 Death of a Hero 
CLIVE BELL 
8 An Account of French 
Painting 
DAVID BONE 
13. Merchantmen-at-Arms 
CATHERINE CARSWELL 
12 The Life of Robert Burns 
JOANNA FIELD 
5 A Life of One’s Own 
ANGUS GRAHAM 
14 The Golden Grindstone 
JAMES HANLEY 
16 The Furys 


55. wet per volume 


ALDOUS HUXLEY 
9 Beyond the Mexique Ba: 
2 Jesting Pilate 
JULIAN HUXLEY 
6 Africa View 
MARGARET IRWIN 
t The Proud Servant 
7 Royal Flush 
ANNE MORROW 
LINDBERGH 
18 North to the Orient 
SARAH GERTRUDE 
MILLIN 
3 Rhodes 
MAURICE O’SULLIVAN 
10 Twenty Years A-Growing 
FREDERIC PROKOSCH 
17 The Asiatics 
LYTTON STRACHEY 
11 Elizabeth and Essex 


Osher titles are in active preparation 


UNIFORM EDITIONS 
Cr. 870. 


ALDOUS HUXLEY 


Brave New World 
Point Counter Point* 
Antic Hay 

Crome Yellow 

Those Barren Leaves 


35. Od. net per vol. 


*os. net 


LYTTON STRACHEY 
Queen Victoria 
Eminent Victorians 
Elizabeth and Essex 
Books and Characters 
Characters and Commentaries 
Portraits in Miniature 


The above 6 vols. are issued 
together boxed at 305. the set 


Printed in Great Britain at THE BALLANTYNE PRESS by 
SPOTTISWOODE, BALLANTYNE & Co. LTD. 
_ Colchester, London & Eton 


